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ABSTRACT 



Theory and research regarding four levels of concept attainment 
and three uses of concepts as specified by the conceptual learning and 
development (CLD) model are described. The strategy and objectives of 
a longitudinal assessment of children's conceptual leajcning and develop- 
ment are presented. Perspective is provided regarding the role of 
cross-sectional investigations in the longitudinal assessment; design 
and results of the first cross-sectional research are reviewed. 

For this study, the second in the cross-sectional series, assess- 
ment batteries were developed to determine each child's level of 
concept attainment and also the related use of the concepts equilateral 
trianqle. cutting tool , noun, and tree. Batteries were designed as 
paper- and-pencil tasks and were administered to from 309 to 313 children 
(depending on assessment battery) enrolled in each of four grades: 
first, fourth, seventh, and tenth. 

Predictions based on the model about children's conceptual develop- 
ment were strongly supported across concepts: 

1. The concepts were attained in an invariant sequence according to 
four successive levels: concrete, identity, classif icatory , and 
formal. 

2. As the concepts were attained at higher levels, they were used 
increasingly (a) in cognizing supraordinate- subordinate relation- 
ships in a hierarchy where the attained concept was an element of 
the hierarchy, (b) in xinderstanding principles that stated a 
relationship between the attained concept and one or more other 
concepts, and (c) in solving problems that required the use of the 
particular concept. 

3. Having the labels of the concept and of its defining attributes 
facilitated (a) attainment of the concept aiid (b) mastery of the 
three uses of the concept. 



17 

xvii 



indiv^idua; f \ t^^^^^n^-pg't^ (ievel^f*"!"'' constantly 
learning new CQj/t^t^^JxA^J ^XtendiJ? ex concepts ia new 

situations, l^"^]^ ^^j""' """""^Z' aV"''"'^ Wl of mastery 

of a particulai^ >n/sX^f^A ^^^^tf^^i^g a^°" her experi- 

ences with conQ ^1 ^ell^Vll Zf^°^ the cognitive 

operations. FQ^Wf ^"'^ ^ Mologist nay 

both have a con.V^ if S/' -J^^^uT ^ P^''^^'" ^^ly well^ 

when asked to 4>ti^d. kf^v obvi^J^ ^Xpi^^-^ "^nex^^ies of 
tree, their con^^^t^/^^j^ "^'^^s I ^"^^ difference 

in level of und^StXA^^; °^"^T^y tSf ^''^''^^ agents of 
thought for hun^^ ^e/V^i'^"*" ^^"^ Lk^CooJ through adulthood. 
A substant^^^ rese^r.^ o^^ood .^^^.^u ^^^^ 

completed durin^^fhe/AV i>w^ dec^^^ *^\?ina internal and 

external condit^^s V Jv^f^ l^f^^J^^^ ^con^^nt analyses of con- 
cepts and behavg^^i W^J^^^ °^Jen iSri^"^ ""^^^^^d to various 
subject-matter gM4^ ^ f^so ^^^J -°V^^^J. Suffici^^^ knowledge 
has accrued so {^ft ft^Y^^r, ^^f ^la.^J^^^^ayer (1974, were able 
to formulate a \^''^P^cifi^^^nd and J^es the o^UlU 

operations invo?^/<a at:t^ intf^**^ °i^^^^l{>ts at specifiable 

levels Of .naste -^b, f°Je ^-nc f , changf^i^^^l^L table 

ways with age. ^A^V^a-« as J t^^^nd J^"" ^ indicate the 

product of lear J^g ^^J**^^??" •;d^^^r considered 
a determining ^C^^^/^ f/.''^^^ ^el ^\Ss P^^^^o^,) 

An analytij^i. ^An^V^e mo^el ^als ^ learnina and 
development (Cl^^Wk ^^^^^'^^ '^^Cll^'^ ^^laS^eieJ 
(1971) and desc^Jfe^ /Aw^^u^iy ^y ^^^^^J^^, Ghataia, player 
(1974) . Th. mo^5 ^Lr^\^ W l^^Js c^ij^^^^^^pt attainrr^nt and the 
possible J ahj'eJtnfV^V a^ta^-ne^^ "^pts, specifies the 
cognitiv , xal^^..;S^k% in ^^r^S'Sn^P" -'j of ^ 
fourle.. an,V...^^.^^^^ 



four le-: . an.^*-V4^1,^>^ ^"'^'flev^'^e^^Sj^^^ ^^'^ditions of 
learning , • .tec^ ^0 «V,.i£.ed l^Vei eXteT ^^^^^ 

mastery, the op^ .U^^t^^^O the ^It^ learning ^^ve been 

identified throu^ f ^^^aiy^^^ °L and behavioral 

analyse, of conXt ^ ^\ ^ t^^ks, ^d einpi^icar^^se^.ch 

in laboratory ar^y^cj^ r^Jh^,(;tirags f ^t the Wisconsin 

Research and Dev^^ft/, \ ^^Pter fo?^ ""^^n^ J"t ^^^^^g ^^^^^ 
research laborat^^^A^^ 



THE NATURE OF CQ^^^^Pf 



The word cq,^.,x\ ,^ci by Kj^s^^^^^r Gh^^^^^' Frayer 
(1974) to desiin||^5 A /^otastruc^ts J^' ^^^uals als identi- 
fiable public en^^Pi.^ o^mpri^- S^S^ sub.tanoe o. ^he 



16 



various disciplines. Thus, concept is used appropriately in two 
different contexts just as many other English words are, A concept 
is defined as ordered information about the properties of one or 
more things — objects, events, or processes — that enables any partic- 
ular thing or class of things to be differentiated from, and also 
related to, other things or classes of things. 

In regard to concepts as mental constructs, it is noted that 
maturing individuals attain concepts according to their uniqijie 
learning ejqperiences and maturational pattern. In turn, the con- 
cepts that are attained are used in an individual's thiiiking about 
the physical and social world. 

Concepts as public entities are defined as organized information 
corresponding to the meaning of words. Carroll (1964) related con- 
cepts, words, and word meanings in the following way. Words in a 
language can be thought of as a series of spoken or written entities. 
There are meanings for words that can be thought of as a standard 
of communicative behavior that is shared by those who speak a 
language. Finally, there are concepts— that is, the classes of 
experiences formed in individuals either independently of language 
processes or in close dependence on language processes. Putting the 
three together, Carroll stated: "A 'meaning' of a word is, there- 
fore, a societally standardized concept, and when we say that a word 
stands for or names a concept it is \mderstood that we are speaking 
of concepts that are shared aniong members of a speech community 
(1964, p, 187] 

At the inception of a large programmatic research effort deal- 
ing with concept learning and instruction, Klausmeier, Davis, Ramsay, 
Fredrick, and Davies (1965) formulated a conception of concept in 
terms of defining attributes common to many concepts from vcirious 
disciplines. Klausmeier, Ghatala, and Frayer (1974) further refined 
the definition by specifying eight attributes of concepts: learn- 
ability, usability, validity, generality, power, structure, instance 
numerousness, and instance perceptibility. Other researchers and 
subject-matter specialists are also treating concepts in terms of 
defining attributes. For example, Flavell (1^70) indicated that a 
formal definition of concept in terns of ita defining attributes 
is useful in specifying what concepts are and what they are not and 
also in identifying the great variability ajaong concepts. Markle 
and Tiemann (1969) and Tennyson and Boutwell (1971) have shown that 
the external conditions of concept learning can be delineated 
through research that starts with a systematic identification of 
the defining attributes of the particular concepts used in the 
research. Scholars at the Wisconsin R&D Center demonstrated that 
analysis of concepts in terms of their defining and variable attri- 
butes is useful in clarifying the meanings of the concepts drawn from 
four disciplines: language eurts—Golub, Fredrick, Nelson, and 
Frayer (1971); mathematics — Romberg, Steitz, and Frayer (1971); 
science—Voelker, Sorenson, and Frayer (1971); and social studies— 
Tabachnick, Weible, and Frayer (1970). 

The CLD model deals primarily with concepts represented by 
words that can be defined in terms of attributes, although some 
concepts are defined on other bases, including synonyms and 
antonyms. Further, not all words potentially definable in terms 
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organizing knowledge and' ca^vlAa ^,!t Provides a basis for 

external and internal condiSo^J ori "^^^^^^ ^^^^^ed to both the 
levels. conditions of learning at each of the four 

ing the'^LTof IT.:LZI LT' ^"'^^ ^^'^"^^^"^ — 

•The solid line indicates Sat °^ ^^^^Is- 

its relevant attributes is essSnSal'f ^° """" 

formal level. The broke^ lines rndicaL^^':^'"'-^""''^'^ 

:er a-t ^--^^ :£ Pf^^ a\-r-;e- - 

a young child might ^^^^^^ 
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not the concept name. The younger the children are when they attain 
the concept, the less likely they are to have the name for it. 

At this time, we shall delimit the siibstantive domain that we 
are treating. The model in its totality describes the four levels 
of concept attainment and uses of the same concept rather than each 
of four kinds of concepts. The four levels apply to the many con- 
cepts that are or can be defined in terms of attributes and which 
have actual perceptible instances or readily constructed representa- 
tions of instances. We have already cited a few examples of this 
kind, including all the concepts comprising the plant kingdom and 
the animal kingdom. However, the operations at each level are in- 
tended to be applicable also to different kinds of concepts, some 
of which, because of their nature, are not attainable at all four 
levels. We can specify these kinds of concepts and the levels at 
which they can be attained. 

There are some concepts for which there is only one instance, 
such as the earth's moon and Abraham Lincoln , and some that have many 
Identical instances, for example, inch and pound . Related to Figure 
1, such single-instance or identical-instance concepts which have 
defining attributes can be attained at the concrete, identity, and 
formal levels, but not at the classificatory level. By our defini- 
tion of classificatory level, there must be at least two nonidentical 
instances that can be placed in the same class. Therefore, some con- 
cepts cannot be attained at the classificatory level. 

Other concepts are of such low validity that there may not be 
agreement as to their defining attributes, for example, beauty and 
moralitj^. Concepts such as these might be learned at the three lower 
levels but not at the formal level. 

Finally, there are concepts with no perceptible instances, such 
as infinity and atom. These cannot be learned at the three lower 
levels but might be learned at the formal level. 

Returning to the four levels given in Figure 1, we postulate 
that attaining a concept at the four successively higher levels is 
the normative pattern for large numbers of individuiils under two 
conditions. First, the concept is of the kind for which there are 
actual perceptible instances or readily constructed representations- 
and second, the individual has experiences with the instances or 
representations starting in early childhood. Furthermore, in order 
to proceed to the formal level, individuals must acquire labels for 
the concept and for its attributes. For example, the individual 
will have successively attained the concrete, identity, and classifi- 
catory levels of the concept plant before he describes and treats 
£lant formally in terms of its defining attributes. 

Children have direct expeiiences during preschool years with 
many things and attain concepts of these things at the first two 
revels. They also attain many concepts at the beginning classifi- 
a^°^L-r!i/"^ l^^n the societally accepted names for the concepts 
and their attributes through formal and informal instruction 

Earlier we indicated that some individuals, because of environ- 
mental conditions, may not encounter actual instances of a concept- 
rather they experience instances only in verbal form. Thus, these 
individuals may attain a concept at either the classif icator^ or 
the formal level at the outset, it is also noted that the mature 
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person, although capable of attaining a concept at the formal level, 

may stop at a lower level of attainment because of the way in which 

the perceptible instances are encountered or other conditions of 
learning. 



OPERATIONS RELATED TO LEVELS OF CONCEPT ATTAINMENT 

Having considered the overall features of the model, we may take 
up the operations in more detail, starting with those pertaining to 
the concrete level. 



Concrete Level 

Attainment of a concept at the concrete level is inferred when 
tl-ie individual cognizes an object that he or she has encoxintered on 
a prior occasion. We use the term "operations" as Guilford (1967) 
does. Guilford has defined the operations of cocmition, memory, 
productive thinking, and evaluation in terms of test performances. 
He stated that cognition must be related to the products cognized 
and he formally defined cognition as follows: 

Cognition is awareness, immediate discovery or rediscovery, 
or recognition of information in various forms: ccxnprehen- 
sion or understanding. . . . The most general term, aware- 
ness, emphasizes having active information at the moment 
or in the present. . . . the term, recocfnition, is applied 
to knowing the same particular on a second encounter . . 
if cognition is practically instantaneous, call it recogni- 
tion; if it comes with ^ slight delay, call it "immediate 
discovery" [pp. 203-204] . 

Tlie first step in attaining this level is attending to an object 
and representing it internally. Woodruff (1961) pointed out that: 

All learning begins with some form of personal contact 
with actual objects, events, or circumstances. ... The 
individual gives attention to some object. . . . Through 
a light wave, or a sound wave, or some form of direct con- 
tact with a sensory organ in the body, an impression is 
picked up and lodged in the mind [p. 66]. 

Gagn^ (1970) indicated that as individuals attend to an object, 
they discriminate it from other objects. Woodruff (1961) called 
the outcome of these attending and discriminating operations a 
concrete concept, a mental image of some real object experienced 
directly by the sense organs. The infant, for example, attends to a 
large red ball and a white plastic bottle, discriminates each one, 
maintains a mental image of each, and cognizes each of the objects 
when experienced later. 
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f^atufes °f °b:ects involves attending to distinctive 

•Sus chiles f"^^ ^ distinguish the objects from one another. 
Thus children learn very early to respond to gross differences in 
such features of objects as size, shape, color, and text^e As 
children mature, they become capable of making finer discriminations 
involving these and other features. 

The attainment of a concept at the concrete level thus requires 
attending to the distinctive features of an object and forming a 
memory image which represents the object as a unique bundle of 
features. The concept at this level may or may not be associated 
with the concept label, depending on whether the label has been 
concejt.^""^ remembered, and whether it has been associated with the 

a. t-vrV^^'f analysis of the operations in attaining concepts 
expe^iencinrol -"--"tly comprehensive to include motoric 

T^^ ^ J Objects. That is, an object may be manipulated 
physically and represented enactively, as well as explored visually 
and represented iconically, to use Bruner's (1964) terminology. ije 
rnvolvJd'i attending, discriminating, and rememberi;g Te 

involved in sensorinK>tor experiencing, to use the terms of Piaget 
(1970), as well as in the visual perception of objects. 

Identity Level 

°f ^ concept at the identity level is inferred when 
the individual cognizes an object as the same one previously encoun- 
fer:nt"m:d"af r""'" ' "'"^^^"^ perspective or sensed in a d"- 

lool^l Z^. 1°'' «^^Ple, making the same response to the family 

poodle when seen from straight ahead, from the side, and from various 

oood? °' "^'"^'^ ^^"'"9 attained the concept of 

£2£^ at t^, a Identity level, whereas concept attainment at the 
concrete level involves only the discrimination of an object from 
other objects, attainment at the identity level involves both dis- 

a^S^o^^^''"'°"^ °^ from other objects and 

also generalizing the forms as equivalent. Generalizing is the new 

tharl'v:/°;. '"'"^ '° """"^^ ' "^"^^ °' ^---9 and mat^a'on 
that makes attainment at the identity level possible 

As noted earlier, there are some valid and powerful concepts 

but whic^ '"f '^"^ "^'^^ ^^-^ " one iLtanc; 

but which can be represented in different ways, e.g., aurally and 

cL?r f -5°"": ^^^"^ typically lea^n^d at the con- 

crete and Identity levels but not at the classif icatory level 

formal level with this kind of concept. 

r-^.r^^'"'^^''' Austin (1956) have pointed out that identitv 

responses occur very early in life and that the capability to recoo- 
nize Identity may be innate and merely extended to^w events SrZh 
learning. Vernon (1970) indicates that infants have to le^n S 

everr^wf ""^ ^""""^ environment are ^mS^ent 

Seir Sstancf ^ change their appearance from time to ?ime as 
their distance and orientation changes, clearly, the capacity to 
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recognize identity, indeed the expectation of the continuity of 
objects and events in the environment, is well developed in the 
perception of adults. 

Recognition of object identity is central to Piaget's formu- 
lations- According to Elkind (1969), Piaget's conception of con- 
cept emphasizes the variability that occurs within things — changes 
in state, form, and appearance which can occur to any entity. 

Elkind pointed out further than American psychologists have 
tended to ignore this wi thin-instance variability of concepts and 
have emphasized the discriminative response aspect of concept 
attainment by which positive instances are cognized and discrimi- 
nated from noninstances. Elkind summarized the two points of view 
thus: 

From the discriminative response point of view, the 
major function of the concept is the recognition or 
classification of exan^les. The Piagetian conception, 
however, assumes that a major function of the concept 
is the discrimination between the apparent and the real. 
This discrimination, in turn, can be reduced to the dif- 
ferentiation of between- and within-things types of vari- 
ability. Here again, a comprehensive conception of a 
concept must include both functions because, in fact, 
every concept does serve both purposes [1969, p. 187] . 

The present model proposes that a concept is attained at the 
identity level temporally before it is attained at the classificatory 
level. Stated differently, persons must be able to cognize various 
forms of the same objects as equivalent before they are able to 
generalize that two or more different objects belong to the same 
class. 



Classificatory L e vel 

The lowest level of mastery at the classificatory level is 
inferred when individuals respond to at least two different instamces 
of the same class as equivalent, even though they may not be able to 
describe the basis for their response. For example, when children 
treat the family's toy poodle and the neighbor's miniature poodle as 
poodles, although they may not name the attributes of poodles, they 
have attained a concept at the classificatory level. 

While generalizing that at least two different instances are 
equivalent in some way is the lower limit of this level of concept 
learning, persons are still at the classificatory level of concept 
learning when they can correctly classify a larger number of in- 
stances as examples and nonexamples, but cannot accurately describe 
the basis for their grouping in terms of the defining attributes. 
Henley (cited in Deese, 1967), like many other researchers, has 
observed this phenomenon. Many of her subjects were able to sort 
cards correctly into examples and nonexamples of the concepts being 
learned, yet gave totally erroneous definitions of the concepts. 
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Formal Level 

A concept at the formal level is inferred when the individual 
can give the name of the concept, can discriminate and name its 
intrinsic or societally accepted defining attributes, can accurately 
designate instances as belonging or not belonging to the set, and 
can state the basis for their inclusion or exclusion in terms of 
the defining attributes. For example, maturing children demonstrate 
a concept of dog at the formal level if, when shown dogs, foxes, and 
wolves of various sizes and colors, they properly designate the dogs 
as such, call them "dogs," and name the attributes that differentiate 
the dogs from the foxes and wolves. The distinctive aspect of this 
luvci of concept mastery is the learner's ability to specify and 
name the defining attributes and to differentiate among newly en- 
countered instances and noninstances on the basis of the presence 
or absence of the defining attributes. 

As noted in Figure 1, the labels for the concept and the defin- 
ing attributes may be learned at any of the three lower levels, but 
are not essential at those levels. Similarly, the discrimination 
of the defining attributes may occur prior to the formal level, but 
this is not essential. Thus, discrimination of things on their 
global and diffuse stimulus properties which is essential at the 
concrete level changes to discrimination of more specific and 
abstract properties at the identity and classif icatory levels. 
However, at the formal level the individual must be able to dis- 
criminate and label all the defining attributes of the concept. 

The operations involved in the learning of concepts at the 
formal level are also shown in Figure 1. The first operation given 
at the formal level is that of discriminating the attributes. As 
already noted, for some concepts with obvious attributes such as' 
color and form, the discriminations may have occurred at earlier 
levels. However, irakjLng the discriminations and having the labsls 
for the attributes are both essential at the formal level. This is 
true whether the individual infers the concept by hypothesizing and 
evaluating relevant attributes or cognizing the attributes common 
to positive instances, as shown in Figiire 1. 

Individuals differ in their ability to analyze stimulus con- 
figurations into abstract dimensions or attributes. There is 
evidence (Gibson, 1969) that this ability develops with age. 
Retarded children may have difficulty with simple concept learning 
tasks because of the difficulty in learning to select out and 
attend to specific dimensions (Zeaman & House, 1963). Even among 
children of adequate intelligence, there are those who character- 
istically analyze the stimulus field and apply labels to attributes 
while others tend to categorize on the basis of a relatively undif- 
ferentiated stimulus (Kagan, Moss, & sigel, 1963). 

Orienting instructions may be given to make explicit the attri- 
butes of the stimuli (Klausmeier & Meinke, 1968). These instructions 
facilitate the learning of concepts at the formal level by assuring 
that the learner knows all of the attributes that may be relevant 
to the concept. 
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Having discriminated and named the attributes, an individual 
may infer the formal level of a concept inductively in either of 
the two ways shown in Figure 1, One way involves formulating and 
evaluating hypotheses and the other involves cognizing the common 
attributes in positive instances. Which strategy a learner uses 
depends on the instructions he has been given, his age, and the 
kind of cuncept instances he experiences, 

Levine (1963) defined a hypothesis as the subject's prediction 
of the correct basis for responding, in the hypothesis-testing 
approach, learners guess a possible defining attribute or combina- 
tion of attributes. They than compare this guess with verified 
examples and nonexamples of the concept to see whether it is com- 
patible with them. If the guesses are not compatible, they make 
another guess and evaluate it against further examples and non- 
examples. Eventually, they combine the information they have 
obtained from testing their hypotheses so as to infer all the 
defining attributes and thereby the concept. 

Essential to the hypothesis-testing approach are the operations 
of remembering and evaluating hypotheses. There is support (Levine, 
1963; Williams, 1971) for the idea that the sul^ject formulates and 
remembers a population of hypotheses, remembers the hypotheses 
that were rejected, and also remembers the last one accepted as 
correct, in connection with evaluating hypotheses, Bruner, Goodnow, 
and Austin (1956) indicated that individuals determine whether or 
not their hypothesized concepts are valid by recourse to an ultimate 
criterion, test by consistency, test by consensus, or test by af- 
fective congruence, inherent in all four procedures is establishing 
a criterion for judging the correctness of a hypothesis. In the 
present model, the validity of an individual's concept may be 
assessed in terms of how nearly it corresponds to expert agreement 
concerning the concept. Our experiments have shown that instruc- 
tions to subjects which include a decision rule for evaluating 
hypotheses facilitate concept attainment. 

The operations involved in the hypothesis-testing approach to 
inferring concepts appear to characterize individuals who cognize 
the information available to them in laboratory and classroom set- 
tings from both positive instances (examples) and negative instances 
(nonexamples). These individuals apparently reason like this: 
Instance 1 has land surrounded by water. It is a member of the 
class. Instance 2 has land but is not surrounded by water. It 
xs not a member of the class. Therefore, lands surrounded by water 
belong to the class and lands not surrounded by water do not. Sur- 
rounded by water is a defining attribute of the concept. This 
individual has attained a partial but accurate definition of the 
concept based on experiences with only one positive and one nega-- 
tive instance. 

A second inductive way of inferring the concept is by noting 
the commonalities in examples of the concept. The commonality 
approach is used more often than the hypothesizing approach by 
children, apparently because they are either incapable of getting 
information from nonexamples or because they cannot carry out the 
hypothesizing and evaluating operations (Tagatz, 1967), The 



11 



commonality strategy is the only one possible when only positive 
instances of the concept are available. 

Our model is considered appropriate for learning concepts at 
the formal level by a didactic method of information presentation 
as well as an inductive one. That is, concepts may also »e learned 
at the formal level deductively.! Many upper elementaty, high 
school, and college students are given the names of concepts and 
their attributes, verbal definitions, verbal examples, and Verbal 
nonexamples but no actual instances of the concepts, learn the 
concept initially they must assimilate this information, remember 
It, and be able to use it in evaluating examples and nonejcanipies 
Of the concept as shovm in Figure 2. When learners have attained 
a concept initially through this kind of didactic instruction 
they are able to use the concept to identify new examples and' 
nonexamples with which they have had no prior experience. The 
basic operations entailed in this identification of newly encountered 
instances are hypothesizing whether the instance does oi does not 
belong to the concept and evaluating the hypothesis in terms of 
the riefining attributes that were given in the definition. Pre- 
requisite to these two operations are discriminating the attributes 
of the concept and knowing their labels. All of these axe listed 
in Figure 1 as part of the inductive strategy. Thus, vhen didactic 
instruction is used, the learner must hypothesize and evaluate re- 
garding examples and nonexamples in order to use the r. -wly learned 
concepts. ^in<=" 



ACQUIRING APPROPRIATE LABELS 



The importance of language in concept learning is vi-dely 
acknowledged by American (Bruner, 1964) and Russian (Vygc»tsky, 
1962) psychologists. Having the labels of concepts en4hJ.es indi- 
viduals to think in symbols rather than in images and to attain 
other concepts through language experiences in the absence of i,er- 
ceptible instances. Carroll (1964), as noted earlier, h»s outlined 
the close relationshios among concepts, meanings, and words. How- 
ever, the purpose here is not to deal with the relationships between 
language and concept learning, but to show at what points labels 
may be learned and associated with the various levels of concepts 

Figure 1 indicates that a concept label may be asscJciated wiUi 
an instance of the concept at any of the four levels-cc?ncrete. 
Identity, classif icatory, or formal. For example, Billy might 
manifest a sequence like this; Billy first encounters a dog. 

"iio ""f ^° ^^-^^ Billy then s«,ys 

do^ M^"? associates the name with his concrete concept of th/ 

T ' develops the concept of the same dog at the 

Identity level through experiencing it in different locations 
and situations. His mother repeats the name at various times 

Fraver'n974t^o"H"^ ""T T^^^ earlier, Klausmeier, GhataU , and 
Frayer (1974) subsumed the deductive operations under cognising 
the common attributes. 
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Identifying examples and nonescanples 
of th® concept 



Figure 2, Cognitive operations and C^ductive strategies of concept 
attainment at the formal level. 
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xn the presence of t^^e ^og; Billy says t^g word repeatedly, me 
word "dog" now comes to represent Bill/'s concept of the dog at 
the Identity level. Subsequently, fiiiJ-y encounters other dogs 
and observes that t^^y, too, are calle(J "dogs." He generalizes 
the different <iogS equivalent m some associates the 

name "dog" with whatever similarities ne has noted. The word 
thus comes to represent his class of tilings called "dogs " At 
the formal level, ^^i:^ greater matuxit// Billy discriminates and 
learns the societaUy accepted attributes of the class of thinqs 
called dogs" and ^l^o learns the nmeS Of the attributes. Now 
Billy a concept of dQg approaches or beo^^s identical to the 
societally accepted definition of the v/ot^ "dog." As Carroll 
(1964) pointed out, t^j^e concepts held W individuals and the 
meanings of the wordg representing the concepts are the same for 
mature individuals w^o ghare similar cultural experiences and the 
same language , 

In connection With language ^nd concept attainment, we rocog- 
nize that deaf indivi^j^^^g ^^d others who ig^k normal speech 
development may attain concepts at the f^j^al level . By our 
definition, the individual must knov/ the defining attributes of 
the concept and must able to cotmuni^^te this knowledge. Ver- 
balizing IS normally used in this kind ccaranunication. Other 
types of symbolic 5o«n,nunication, for e^^^ie, sign language, may 
also be employed. Sj^ech, per se, is nOt necessary for the attain- 
ment of concepts, buj so„^ „eans for symbolizing and communicating 
the^concept in the al^^ence of examples is Necessary at the formal 

CONCEPT EXTENSION AND UTILIZATION 

The individual ^ho has formed a coi^CQjjt may extend and use it 
as shown in Figure 1- as noted earlier, ^ concept attained only 
to the concrete or ^d^^tity level n^y be U^ed in solving simple 
perceptually based problems. Concepts l^^^ned at the classificatory 
and formal levels can ^gg^ in generaH^Sing to new instances, 
cognizing supraoJ:dinat:e_3yi^rdinate relations, cognizing cause-and- 
effect and °ther relations among concepts, and in solving probieir.s. 

Ausubel (1963) and Gagn^ (1970) haVe tdieorized concerning the 
use and extension of Attained concepts; however, very little 
empirical research l^a^ been done, xn this regard Ausubel (1963) 
formulated the constructs of cogniti^re st-'^Mcture, advance organizer, 
correlative subsmptxcj^, and derivative ^'^iisumption to show how 
previously attained an^ encountered Concepts are ralated 

while Gagn^ has indicated that attained ^^oncepts are prerequisite 
to the learning of ru^^g^ ^ ^ H"-^=>-i.ce 

Generalizing to J«gw ^stances and D iscri?g3j> ating Noninstances 

The attainnient of concepts at the classificatory and formal 
levels reduces the nee^ additional le^^r^ing and releami^! 
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primarily because the individual is to generalize to new in- 

stances of a concept and to dis^^ijni,^ate noninstances. Having a 
concept also provides individuals ^^^^ expectations which help 
them deal effectively with r»ev/ ^^^t^nces of it, once persons 
identify a plant as poison iv// ^hey treat it gingerly* One test 
of concept attainment in our eXp^^iiti^^ts is th^ individual's ability 
to properly categorize inst^ce^ not previously encountered as in- 
stances or noninstances of the P^^tiQ^iar ocnc^pt. We find that 
both school children and colleg^-^g^ students generalise to new 
instances readily. Furtherit»ore/ the use of instances and nonin- 
stances in instructional materi^i^ to teach concepts can be manipulated 
so that errors of overgenerali^^^ion and ^^^^rgeneralization can be 
reduced (Feldman/ 1972; Swanson/ 

Hot only does having a. oonc&Pt enable ^eatners to identify new 
instances and act appropriately ^^w^d thera, but direct aiwa verbal 
experiences with the new instances jiossibly increase the validity 
and power of the concept f^r the in^iyidual. For example, the 
Canadian visiting Kenya dur-jng J^uary, when it ig smrnner there, 
may attain more valid and jTowerf"! Concepts of flower and plant' 
Similarly, by being told that a wha^e is a mantniai, an individual 
comes to realize that mammals c^n i^^^ the water as well as on 
land. Hence, the individual's '^°'>C6pt of mairanai has greater validity. 



CogU2:ing_ Supraordinate-Sub ofdigg^e ^Roiat ionshj ^^ 

Besides generalizing to neW i. stances, individuals can also use 
theii: concepts attained at tiie fo^i igvel, an^j possibly at the 
classificatory level, in cogriizi"^ coordinate, supraordinate , and 
subordinate relationships ^ng ^^asses o£ things. The lowest level 
of cognizing these relationstxips is i,^ferred wh^n 'persons, according 
to verbal instructions, put i-nstanceg concepts m their, proper 
groups. For example, upon xe<l^^^^ Persons put instances of red 
and blue ecjuilateral triangles and ^.g^t tri^^g^es in a grouping 
of triangles, and all instances of triangles ancj of rectangles in a 
grouping of polygons. Furth^CTio^^f , justify g^^h giroup formed 

on the basis of the defining attributes of the g^oup. For example, 
they state that equilateral triangles include aii the triangles that 
have three equal sides, triangle^ include all the polygons that have 
three sides, and polygons irxd^^ ^ll the close^j^ planar figures 
that have three or more sides- precise tetniinology might be 

required such as "an equilateJral *^iangle is a simple, plane, closed 
figure with three sides of &q}ial ^^n^th." 

Possible higher levels of a*^^^ining the supraordinate-coordinate- 
subordinate relationships include Vh^^ Kofsky (Igge) designated as the 
"whole is the sum of the parts" "some but not all." Again, merely 
being able to group a few instances properly according to verbal in- 
structions is not a sufficient t^^t j,ognizing the sets of rela- 
tionships; an adequate justification for the actions is required 
According to Kofsky (1966) , Jcnowle^g^ concerning supraordinate- 
subordinate relationships increases age. 
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The understanding of supraordinate-subordinate relationships 
increases the validity and usability of the individual's concepts. 
For example, knowing the attributes of acid and also knowing that 
vinegar is an acid leads to the inference that vinegar has the attri- 
butes of all acids, as well as the attributes peculiar to vinegar. 
Thus all of the thing3 known about acids— for example, how they react 
with bases-are true for vi :iegar also. In this way, learning that 
acid IS a concept supraordinate to vinegar increases the validity 
and usability of the concept of vinegar for the individual. 



cognizi n g Other Relatlonshlpa 

There are other statements of relations between or among con- 
cepts that are different from relations among supraordinate and 
subordinate concepts. These additional statements, often termed 

' ^^""^ classified by Klausmeier, Ghatala, and Frayer 

(1974) according to the type of relation that is stated: 

1. cause and effect relationships are statements that may also be 
expressed in terms of an "if-then" relationship. For example, 

tuberculosis is caused by the organism Myobacterium tuber- 
culosis"; "contact with a hot stove produces a blister." 

2. £robabilitjj_ statements are principles that express numerically 
tne likelihood of an event's Occurrence. For example, "the 
fr^Sit^^^^ of giving birth to a boy during any given pregnancy 
IS .52 ; provided the coin is fair, the probability of getting 
a Head on only one toss of the coin is .50." 



3. 



Correlational statements describe a relation, often expressed 
numerically, between two or more objects or events. For example. 
If height and weight are measured for a large number of people 
^n..''^^^ ^^"^ correlation betv^een the two measures is around 
-^u ; ■ the incidence of lung cancer in women is increasing and 
tne number of women smoking cigarettes is increasing." 

4. Axiomatic statements, the most inclusive type of principle, are 
universally accepted, self-evi-Sent truths. Five subclasses have 
been identified by Bernard (1975, m press): (a) fundamentals, 
^u?^? essential to a science, religion, philosophy, or 
art; (b) laws, or statements of relationship of phenomena that 
always hold true; (c) rules, or principles in various subject 
matter domains that prescribe usage, procedure, or conduct; 

ical ltllT\^''^J^^ °^ ^" "^"^lly mathemat- 

ical statements of a relation to be proved or already proved. 

Marx (1970) has referred to cause-and-effect, probability, and 
correlational statements as laws. Gagn^ (1970) has called these 
ITrnZTV' principles or rules, m discussing ?ule 

flr^t h' T P^°P°sed two schemes for classifying rules, -me 
first, based on rule content, divides rules according to those in 
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which the irule relates concepts and designates ideas in contrasts to 
those in wjiich y^e content function^ to guide the individual's 
response xr% a specific situation. The second scheme of clas^ifi^^-- 
tion for rifles is based on rule structure — either simple or complex. 
The most aixopl^ ^rules consist of tvo concepts, arranged in a ch^^^, 
in the fojcm "if A, th^n B." Complete rules consist of a larger 
number of concepts which are often ^stract and require subtle 
discriminations • 

Although various types of statements that express relations 
among concepts h^ve been classified in slightly different wa/s W 
different ^xpert^^ it is agreed that; understanding these statem^^^s 
is critical to thinking and reasoning. Ujujerstanding statem^nt^ of 
cause and ^tfect probability, for example, enable the individ^i^i 
to predict consec^Q^ces from known c;onditions and to explain nev/ly 
encountered phenomena. Bruner, GoodJiow/ and Austin (1956) have 
pointed out that understanding lawful relationships between ox 
among concepts Permits classes of things, rather than isolated, 
individual things, to be related. 6agn5 (1970) has 55uggested th^t 
the struct\jjrally simple rule "round things roll" is the kind of 
rule young children learn very early because it consists of Con- 
crete concepts having clearly perceptible instances. Once learned ^ 
this rule enables ^he child to predict what will happen to all 
spherical objects bonder certain conditions, or, consider the mo^^e 
complex relationship: "When two substances at different tempera^ 
tures come into Contact, the temperatures of the substances tend 
to equali^^^" This relationship permits Us to infer what will 
happen in such diverse situations as putting ice cubes in warm 
soda pop ox Deing lost in a snowstorm. 

In all cases, Qf course, being Abl^ to understand and us^ a 
lawful rel^tiionship is contingent upon Knowing the concepts enibe^^^d 
in the stat^ent. only then can the rule or axiom or principle pe 
understood ^nd possibly applied to appropriate phenomena. 



Using Conoepts in Problein^Solving Situations 

Probl^in-solving ability is treated by Klausmeier (1975) as 
one of the most c^ritic^l of all outcomes of education; a person 
who is capable of solving problems c^n leaim independently, A 
considerable amount of instruction directed toward teaching 
ctudents prablem -Solving skills, and students acquire considerable 
knowledge through problem solving. Concept learning itself m^y 
be regarded as a Special case of prolPlem solving. 

A situation ^requiring problem solving is encountered when an 
individual must respond but does not have immediately available 
the specific infoin^^tion, concepts, pirincipies, or methods to 
arrive at a solutio,^. to sol\-e any p^roblem the individual mu^t 
think adaptively; more specifically, the individual must selec:- 
tively recoil important concepts, priticipl^s, and methods needed 
to solve th^ problem, atius, not only may One or more concepts 
be instrum^jital in the solution of matiy Kinds of problems, but; 
the more ex^^rience an individual has with a given concept, tJie 
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greater the probability of solving suCCe^gfyixy a problem i'^^'^ivino 
that concept. 

Much of the oj^ganizied knowledge ''°^Cerning the nature of 
problem solving has been summarizfjd i^» diverse theoi;.ies, descri 
tions of the steps in problem sol^fing/ deScriptiQj,g'of the 
internal and external conditions ot l^^^ing. Although varying 
slightly in their emphases, these theo^i^^ descriptions alj. 
attest to the importance of problem solv^^j^g comp^^Jf learning 
and thinking. In turn, theorists have ^j^^^ focused fol^ 
played by concepts in problem solving* {"or ejcample, woodruff (i.967) 
has discussed the tola of concepts in ^^^her-ievel inental activities, 
including problem solving. In accord "i^^ cumulative taodex , 
learning, Gagn^ (1970) has viewed conCJ^Jit^ prereq^^isite to t^. 
learning of Jrules, and rules as prerecj^i^ite to the golvin? °^ 
problems. G^gn^ h^s alao indicated tJi^t ^,ay in ^^^^n conc^b^ 
are called into pl^y in solving problems the ^replication ^ 

principles to the problem-solving situati^^^ ^or e^^ i^, P'^^Cipies 
urderiymg the concepts of pressure, gravity ^nd ^^^^cJ 

can be utilised to determine the heigli*^ ^ nountai.^ using ^ 
barometer. " 

ADDITIONAL FEATURES OF THE CLD MOD^L 

The CLD model is more heavily ori^nt;^^ toward learning th^ 
toward development in that it implies th^t all the Concepts hei.^ 
any individual are learned; they dc not ^^^^gg simply ta^^^^J 
tion. In this context it is simile to tbeorie^ of concep|. 

learning generated by American expgriment:^^ psycholo^igts and r^^ 
viewed by Bourne, Ekstrand, and DoniitioVsHi (1971) : theory °^ 
associations (Bourne « Restle, 1959) ; ^^^Qty of hypotheses (I^^in^ 
1966; Trabasso s Bower, 1968) . theory of i^^diation (Oggood, i^^^) .' 
and theory of information processing (t^"^t, i962) . ^^Iso in ^^iree 
ment with these theories, the model specif ^hat t^e attainment ' 
of concepts is potentially explainable in ^^^^ of pirincipies oj 
learning. Despite some differences in ^^i^noiogy, the CU) 
like Hunt's, tapresents an information-P»^05jessing appj.^cn to 
ing. The cU) model differs from the fo^ theories j^gt mention^J^ 
m that it describes different levels t^e attainment of the 
concept and specifies the operations ^^^^^tial to attaining con^^® 
cepts at the successively higher levels- vjhiie some tne opeir^^ 
tions are postulated to be common to mcjre level these 

operations at the successively higher l^^e^g are cartigd'nut on 
more highly differentiated and abstracted jties actual 

concept instances or on verbal descf ipti°t\5 of instances and 
attributes. ^ 

The CLD model is similar to Ga^n^'S (^g^g) cumu^i-ive learni^.^ 
mcxJel in that both provide a framewc;rk fo>: studying th! internal 
and external conditiorjg of learning. It ^Igo differs two teq^y... 
Whereas Gagnd describes seven forms of J«<ing, rangij" f^om the^*^"" 
simplest learning through rule learning «><i problem soVvina, th^ 
CLD model only one fon„ of learning, coJicej^^^^^^rning, \l tsialyz^^ 
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according to its several constituent cognitive behaviors at each of 
four levels. Gagn^ also postulates a linear vertical learning 
hierarchy extending from signal learning thr<?"3h problem solving. 
The CLD model , as shown in Figure l,. indicates that a concept when 
learned at the classificatory or the foXTm^l level may be Used in 
cognizing supraordinate-subordinate relati^jis among the concept 
and other attained concepts , in understanding relations among con- 
cepts such as those incorporated in principles and laws, and in 
problem solving. HhUH, the CLD model depots from the straight 
linear learning hierarchy postulated by G^giie. 

Possibly different froui the preceding jearning theories and 
more in agreement with Piaget (1970) , the Qip model presumes that 
the new operations at each successive levei involve qxialitative 
changes in operating on instances and attributes of concepts, not 
merely additions to or modifications of Pri^r operations. Further, 
the operations that continue from one loVei to the next are carried 
out on more highly differentiated and abst^-^cted concept attributes. 
While the model does not postulate a stage concept associated with 
age levels as does Piaget, qualitative dif fei^^'^ces in thinking of 
the kinds pointed to by Kagan (1966) and Bj^uner, Olver, Greenfield, 
et al. (1966) are recognized. Also, Brune^^'s (1964) conceptualiza- 
tion of enactive, iconic, and symbolic rep^-gsentation is accepted 
as a satisfactory global explanation of hov experiences are repre- 
sented and stored. 

The roles of language and directed learning experiences are 
recognized as being of central importance attaining concepts at 
the classificatory and formal levels. The ci^oss- cultural studies of 
Bruner, Olver, Greenfield, et al. (1966) support the directed- 
experiences point of view (cf. Goodnow, 1969)- Also, Bruner's 
(1964) intermediate position that specifier how language facilitates 
thinking, rather than being essential to thinking (Luria, 1961) or 
being dependent on thought (Inhelder & Piag^t, 1964), appears valid 
for the present model. Accepting directed experience as critical in 
concept attainment de-emphasizes a maturatiQnal readiness viewpoint, 
such as that expressed by Gesell (1928, I945) . While it is accepted 
that certain cognitive operations emerge With educational experience, 
this conception does not espouse a behavio):ist-environmentalist point 
of view regarding lecirning to the extent that either Gagn^ (1970) or 
Staats (1971) does. 
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OBJ_ECTIVES AND METHODOLOGY OF THE LONGITUDINAL/CROSS SEC TIONAL 
STUDIES OF CHILDREN'S CONCEPTUAL DEVELOPMENT 



The first part of this chapter is intended to provide some per^ 
spective on the role of this study in a longitudinal assessment program. 
The plan of the longitudinal research will be outlined. The purpose of 
the cross-sectional studies, a description of the assessment batteries 
and their construction, and a brief review of the first cross-sectional 
study precede a description of the research design and procedures used 
in the present study. 



OVERVIEW OF LONGITUDINAL/CROSS-SECTIONAL STUDIES 

The broad purpose of the longitudinal research is to chart the 
conceptual development of children from about age 4 to 18. This will 
be accomplished primarily from analyses of longitudinal data collected 
once each year over a period of several years. Data are obtained from 
four concept assessment batteries constructed within the framework of 
the CLD model (Concept Assessment Series I: Equilateral Triangle; II: 
Cutting Tool? Ill: Noun; and IV: Tree). The rationale and strategy' 
for this programmatic research on children's conceptual learning and 
development from preschool to the high school years have been outlined 
in an earlier paper by Hooper and Klausmeier (1973) . The theoretical 
framework for the study reported in this paper is the CLD model which 
has been described in Chapter 1. 

The data collected annually as part of the longitudinal program 
will be examined each year in order to provide a series of cross- 
sectional studies of children's conceptual learning. This report, 
based on the second-year assessment in the longitudinal program, is 
the second such reporting of cross-sectional findings from the larger 
program. Performances of children on four CLD assessment batteries 
are compared over four age groups in order to obtain information about 
the course of children's conceptual development. This information is 
evaluated in terms of various predictions that are derived from the CLD 
model. 



Objectives of Longitudinal/Cross-Sectional Studies 

The primary objectives of the longitudinal study are (1) to chart 
the course of children's attainment of selected concepts in various 
subject fields during their school years, (2) to chart the course of 
children's uses of the same concepts during their school years, (3) to 
chart the course of children's development of crucial terminology related 



19 



to the selected concei^ts, and (4) to relate the three preceding areas 
of development. More specifically, the longitudinal data collections 
will enable us to (1) specify the order of attainment of the various 
levels and uses of concepts by children in the various grade groups of 
two school difjtricts; (2) describe the form of the developmental curve 
for each level of attainment, concept use, and vocabulary acquisition, 
from first partial attainment through final full mastery; and (3) re- 
late the mastery of each level to the mastery of each use, and the 
development of both to vocabulary acquisition. 

The cross-sectional analyses will permit the specification of 
relative task difficulties (e.g,, group means comparisons, intercor- 
relations, and pass/fail contingency analyses) and the suggestion of 
the probable order of acquisition of these concept domains. Other 
goals of the programmatic research, including cross-sectional studies 
and various controlled experiments are as follows: (1) to determine 
more explicitly the internal conditions of learning associated with 
children's mastery of the various levels of concept attainment and 
their uses, (2) to determine more explicitly the external conditions 
of learning that facilitate children's attainment and use of concepts 
in school settings, (3) to relate children's performances on the four 
CLD assessment batteries, (4) to relate children's levels of conceptual 
development as assessed by these batteries to their school achievement 
in various subject matters, and (5) to validate the CLD model in terms 
of its robustness as a framework for research in concept learning, 
concept development, and related instruction. 



Strategy for Longitudinal Assessment 

The plan of the longitudinal investigation is to study a sample 
of children from four age groups at four consecutive times during 
slightly more than three calendar years. The grade groups at the time 
of first-year assessment in 1973 were kindergarten, third, sixth, and 
ninth. Each group will be tested in the spring of 1974, 1975, cind 1976. 
Thus, over three calendar years data will be gathered that include the 
entire range of 5 to 18 years with 100 percent overlap of the first and 
final assessments for the four age groups. 

Essential control groups are incorporated in the longitudinal 
design to permit an evaluation of possible confounding effects com- 
monly associated with long-term repeated-measurement designs. Among 
these methodological concerns is the possible role of repeated testing 
effects. In the present instance a variation of the Campbell and 
Stanley (1963) posttest-only control group design will be employed to 
evaluate the role of repeated test administrations. Since the design 
to be used does not provide for the disentanglement of the effects of 
repeated testing and selective drop-out, special attention will be 
directed toward the possible changing characteristics of the surviving 
core longitudinal samples. 
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Sampling Design of the Longitudinal Study 

Selective sampling problems and the associated constraints upon 
external validity are difficult to avoid in any investigation of this 
type. While generalization of the resultant developmental norms will 
obviously be confined to similar age-grade levels and demographic classi- 
fications, attempts will be made to ensure representative sampling among 
classes within two different school populations. Cohort biases are not 
expected to be a major concern but will be controlled for in one school 
district. 

The target field locations for the longidutinal study are Watertown, 
Wisconsin, and Beloit, Wisconsin. The public schools of Watertown pro- 
vided the locale for the initial tryout and validation of the CLD model 
assessment batteries. Children in the four grade groups (kindergarten, 
third, sixth, and ninth grades) participating in these studies will be 
followed for each of the successive years. 

The Watertown and Beloit studies comprise a simultaneous replication 
of the longitudinal study. Beloit has been designated as the major source 
of longitudinal data, however, because its population better reflects the 
distribution of socio-economic levels In the U.S. The overall sampling 
design for the research in Beloit is shown in Table 1. 

OVERVIEW OF CROSS-SECTIONAL STUDIES OF CHILDREN'S CONCEPTUAL DEVELOPMENT 

The data collected as part of the longitudinal study pi vide cross^ 
sectional information each year about patterns of conceptual learning 
and development. The initial data collected in 1973 were analyzed and 
reported as the first cross-sectional investigation (see Klausmeier, 
Sipple, & Allen, 1974). The present study is based similarly on the 
second year of data collected in the longitudinal program; these data 
serve as a second cross-sectional study in Watertown and details of 
its design are presented in the following sections. 



Purpose of Cross-Sectional studies 

The CLD model embodies three major propositions. Specific predic- 
tions are related to each proposition. These major propositions and 
predictions concern hypothesized patterns of children's conceptual 
learning and development. The purpose of the cross-^sectional studies 
is to test these predicitions , thereby clarifying presvimed sequencing in 
conceptual development. 

A. Many concepts are attained in an invariant sequence according to 
four successive levels: concrete, identity, classificatory , and formal . 
Each level is presumed to be increasingly difficult to attain because of 
the new operations which are essential to attaining the particular level. 
Further, it is presumed that to attain a concept at any particular level 
an individual must be capable of all of the operations at that level and 
at the prior level and must also hrve attained the concept at the pre- 
ceding level. 
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TABLE 1 

SAMPLING DESIGN FOR THE CLD TESTS 



Time of Measurement 



Cohor'ti 


1 QVi 1 an A 

ly / J ly /4 




1975 


1976 


1967 


6* rN=100) ^7 




►a 


^9 


1968 




/in 




^ 8** (Cohort Pff^^r!^ 


±^o / 


/ 






group 








6** 


^ 7** 


1967 






o 




1 Q7n 








6** 


±70 / 








9 (Test effect 










group) 


1964 


9 (N=100) ^ 10 




►!! 


^12 


1965 


[Third C^radf^l Q 




^ i U'^ 


^ 11* 


J. I70*T 
















C^it it 


^ 10** 


1964 










J. / 








Q * * 


1964 








12 


1961 


12 (N=100) 








1962 


r Sixth Grade] ^7 






^ 14** 


1961 


13 








1963 






15** 


^ 13** 


1961 






14** 




1964 








12** 


1961 








15 


1958 


15 (N=100) _^ 16 




► 17 


►iQ 


1959 


[Ninth Grade] 15 




^ 16** 


^ 17** 


1958 


16 








1960 






'IR** 


^ 16** 


1958 






17** 




1961 








15** 


1958 








18** 



*Table entries are approximate mean ages. 

**These groups will not be continued if cohort and practice effects are not foxind 
after the first year, if effects are foxind, decisions about continuing will be 
made after data are analyzed. 
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The major proposition also indicates that many, but not neces- 
sarily all, concepts are attained in an invariant sequence. Three 
conditions are essential for a concept to be attained according to 
the invariant sequence. First, many actual instances or readily 
constructed instances are present in the immediate environment that 
children experience, second, the child must have experiences with 
the actual instances or the representations thereof starting early 
m childhood. Finally, the child must be developing normally, free 
of severe handicaps of speech, language development, brain injury, 
etc . 

The preceding proposition concerning the invariant sequence can 
be evaluated definitively only through longitudinal study. However, 
there are a number of predictions which follow from the proposition 
that can be tested in a cross-sectional study in which children of 
various age levels or grade groups participate. The three specific 
predictions tested in the present cross-sectional study are as follows: 

1. All children of all grade groups will conform to five acceptable 
patterns of mastery of the four concept levels. T^hese acceptable 
patterns are to (a) fail all four levels (FFFF) , (b) pass the 
concrete and fail the next three levels (PFFF) , (c) pass the con- 
crete and identity levels but fail the next two levels (PPFF) , 

(d) pass the first three levels but fail the formal level (PPPF) , 
and finally, (e) pass all four levels (PPPP) . 

2. The number and proportion of children within a single grade group 
who pass each successive level of concept attainment will decrease. 
For example, fewer third-grade children will pass the classificatory 
level than pass the identity level. 

3. The number and proportion of children of successively higher grade 
groups mastering each concept level will increase. For example, 
more sixth-grade children than third-grade children will pass each 
of the four levels, 

^- Concepts attained to various levels may be used in (a) cogni- 
zing supraordinate- subordinate relationships in a hierarchy where the 
attained concept is an element of the hierarchy, (b) in understanding 
principles that st ate a relationship between the attained concept and 
one or more other co ncepts, and (c) in solving problems that require 
use of the particular concept . 

The specific predictions which follow from the preceding proposition 
and which were tested in the present study are as follows: 

4. Children who attain a concept to only the concrete and/or identity 
level will be able to use that concept only in understanding simple 
perceptual relationships with other object concepts and in solving 
simple perceptual problems. 

5. A higher proportion of children who attain a concept at the formal 
level, m comparison with those who attain at the classificatory 
level, will also master each of the three concept uses. 
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6. The number and proportion of children of successively higher 
grade groups who master each concept use will increase. 

C. Having the labels of the concept and its attributes (a) facili- 
tates attainment of the concept at the classif icatory level and possibly 
the other levels / (b) is requisite for attaining the concept at the 
formal level, and (c) facilitates mastery of the three uses of the con- 
cept . This proposition eitphasizes the importance of language in attain- 
ing concepts at the classificatory and the formal levels and also in 
b=»ing able to use the concept in various ways. 

The two specific predictions related to this proposition which 
were tested in the present study may be stated as follows: 

7. Vocabulary scores and scores based on attainment of the four levels 
and the three uses will correlate positively within grade groups. 
The correlations must be positive to support the prediciton; however, 
within some grade groups they may be low due to very little vari- 
ability in either mastery of the vocabulary or in attainment of the 
various levels and uses. 

8. Vocabulary scores and scores based on the levels and uses will 
correlate positively for the combined grade groups; correlations 
should be higher than those obtained within grade groups. These 
correlations should be of a greater magnitude since large vari- 
ation among the children both in vocabulary attainment cind in 
attainment of the levels and uses is expected when all the 
children of the combined grade groups are included. 



General Guidelines and Procedures Used in Construction of Assessment 
Batteries 

addition to the usual criteria of reliability, objectivity, cind 
usability, several additional criteria guided development of the batter- 
ies. First, the materials and instructions had to permit assessment of 
subjects of preschool through high school age. It was presumed that not 
all subjects jf preschool age would attain a given concept at the concrete 
level and that not all high school si±)jects would attain it at the formal 
level. Second, to test for attainment at the concrete, identity, and 
classificatory levels there had to be perceptible instances or represen- 
tations of the particular concept. Third, the concept had to be definable 
by publicly accepted attributes in order to test attainment at the formal 
level. (It should be noted that many concepts are definable in terms of 
attributes even though this method of definition is often not used, even 
in unabridged dictionaries.) Fourth, the concept selected for a battery 
should be relatable to the subject matter which pupils encoxinter in 
school. This is in keeping with the supposition that directed experience, 
including instruction in school, is a powerful determinant of the particu- 
lar concepts attained by individuals and also of their level of attainment 
and use. Further, since much instruction in school deals with concepts, 
the CLD model should be applicable to the design of instruction, and the 
subtests, when fully validated, should be usable in assessing the level 
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of conceptual development in school-age children. Fifth, the particu- 
lar concept had to be part of a taxonomy in order to test its u^e in 
cognizing supraordinate-subordinate relationships. Finally, the con- 
cept had to be usable in cognizing principles and in pro)Dj.em solving. 
(A concept may be usable in solving simple problems that can be solved 
on a perceptible basis without being used first in understanding a 
principle, or it may be used first in understanding a principle and 
then in solving more conplex problems.) 

To develop the tests of concept attainment and utilization, the 
behaviors involved in attaining the concept were analyzed, and then 
test items and administrative procedures to assess the b^bav^ior^ were 
developed. For each battery, a subtest was developed to assess each 
of the four levels of concept attainment. Each subtest v/as constructed 
specifically to assess the particular operations involved in attaining 
a concept at each of the four levels. 

For each concept battery developed, items within the concrete, 
identity, and classif icatory levels were constructed to be more diffi- 
cult as nonexamples (a) increased in number and (b) shared more relevant 
and/or irrelevant attributes with the target exanples. h suJ^test was 
also developed to ascertain the extent to which a child could appiy the 
concept in each of the three uses that have been described- Test items 
w» :.t through expert review and empirical validation while under develop- 
ment. All subtests in each battery were designed as papear-and-pencil 
tasks that could be group administered. 



Review of First Cross-Sectional Study 

A total of more than 300 children— from about 60 to about loO at 
each of four grade groups (kindergarten, third, sixth, and ninth) — 
participated in the initial 1973 data collection in atertc?vn . Two- 
hundred eighty- nine of these children were administered tnree concept 
assessment batteries. The first cross-sectional study evaJ-iaated 
children's performance on these assessment batteries in tetvs of the 
eight specific predictions prescribed by the CLD model. 

The CLD batteries used were for the concepts (1) equilateral 
triangle, from the field of mathematics, (2) cutting tool , probably 
related more to science than to other curriculuir areas, ajid (3) noun, 
from the field of English language arts. Each battery corisistecf^Sf"' 
one subtest for each of the four levels of concept attainment ancj 
one for each of the three uses of an attained concept. Thus a 
total of 21 tests was developed, 7 for each of the three cc jepts. 

Children in the three lower grade groups were enrolled in four 
different elementary schools. The ninth grade students were enrolled 
in a junior high school. The schools and classrooms in which th^ 
children were enrolled vv :re judged to be typical of the particular 
school system and also of a large number of classrooms ih small cities 
in Wisconsin and other states. 

The subtests of the three batteries were administered to children in 
intact classrooms, except that kindergartc children received the tests 
in small groups. On each siabtest a child's responses wer^ sc^reci as 
passing or failing, according to specific criteria establislied for each 
subtest. Data were quantified by computing frequencies and proportions 
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of children within each grade group who attained each level and each 
use. Certain post hoc statistical tests were also used where appropri- 
ate to evaluate the eight specific pt'S^ictions described earlier- In 
general, the predictions derived from t^e CLD model received strong 
support from the first cross-sectional study, providing useful informa- 
tion as to the probable developmental ^ourse of attainment of the two 
concepts, a complete description of first cross-sectional study 
is available (Klausmeier, Sippl^, & Ail^n, 1974). 

DESIGN OF Second cross-sectional study 

The second cross-sectional study wa^ also designed to test the 
specific Predictions derived from the C^jj nvodel and, consequently, to 
determine the normative pattern for concept acquisition* The second 
cross'-sectional study can be viewed as ^ replication of the fi^st 
study ^ providing the opportunity to con^^j^^ extend the fir^t year's 
findings regarding the course of childr^ig conceptual developi^ent- 



Asse^sment Batteries Used 

In the present study, four asses^-'^^nt batteries, one for each of 
four different concepts, were aciininistsired. All batteries were 
developed u^ing the general criteria procedures described earlier. 
Three of the concept assessment batteries were in use at the time of the 
original data collection. These wete Coj^cept Assessment Series i: 
Equilateral Triangle, ll: Cutting Tool, ^d III: Noxin. The fourth 
battery, Tree, was in process of development during the first year 
administration and was only ready for in the second year assessment. 

Modifications in original batiteries . Several itiodif ications were 
made in the three original batteries, both in order to add a few 
components lacking in the formal subtest at the time of the fiirst 
administration and to correct certain difficulties apparent in the 
classificatory subtest after the first <J^ta collection. In the equi- 
lateral triangle battery, modifications Were made only in the formal 
subtest. Two new components required the model were added: a 
definition item and five items dosigne^^ to tap the child's ability to 
evaluate defining attributes of the conc^pi-^ ivo more items for dis- 
criminating attributes were also added to the original three, giving 
a total of five items for the discriminating attributes component of 
the formal ^ubtest. Specific coinposition of this battery regarding 
number of itoms composing each subtest is provided in Table 3 in 
Chapter II I • 

in the cutting tool battery more extensive changes were macje. 
In general , for every subtest in tl^is battery the most effective 
items vs7ere Selected for final use from at^ong those available during 
the course Of construction and development of the battery. Another 
general criterion used during modification of the cuttijia tool bat- 
tery (and construction of other batteries) ^sls an attemnt to maintain 
the same, or nearly the same, number of items in each subtest in 
order to increase their psychometric co"^Parability. As in the equi- 
lateral tri^t^^le battery, a new component- -evaluating the defining 
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attributes--was addad the formal subtest » as required by the model. 
Specific composition the entire cutting tool battery regarding 
number of items coinprisi^g each stibtest i$ Available in Table 20 in 
Chapter IV. 

Modifications in ti^e noun batte^r^ re^^^ted in more discriminating 
attributes items ixi the formal subtest a^ ^^11 as the new component 
of evaluating di^cirimin^ting attributes. addition, the number of 
items assessing aoxicept ^ses was increased- Specific corr^josition of 
the noun battery is pJ^^Vided in Table 37 Chapter V. 

New battery^ The fourth assessment t^^^tery administered for the 
first time at the secon^ y^^^ ^ata colleti^^ was constructed for the 
concept tree, a concept f^^^ ^he scienc^e fi^id. The number of items 
comprising each subtest ^^le tree battery is provided in Table 54 
appearing in Chapter 

To summarize/ the {i^esent cross-secti^^^l study, based on the 
second year of data collection in the Xongi^v^dinal program, used four 
concept assessment batt^j^^eg. eauia^teral i^ia^^ cutting tool, nounr 
and tree. A subtest v/a^ constructed for e^^h of the four levels of"' ^ 
concept attainment and t^r each of the thr^® uses of a concept. TMus 
a total of 28 subtests V^s developed, 7 fo^ ^ach of the four concepts. 



ParticJ^patinq Chil(3ren 

It will be tecalle^i that 289 chiidaren ^^ok part in all three 
assessments in the first y^^r of the study' the total number of 
children tested wa5 dist^^i^uted according to assessment battery as 
follows: eauijLatera^ 324; cuttigS tool, 363; and noun , 

325. In the second year assessment/ sot^^ of these children were 
no longer available for testing- However, ^09 children received all 
four assessment batterxe^ ^he second as^e^^ment year. One addi^ 
tional child participate^^ ^^e assessment cutting tool , and four 
additional children were administered the ga ^4.1ateral triangle and 
tree batteries. Tables 3, 19, 36, and 53 Chapters ill, IV, V, ^nd 
VI, respectively, show t^^ exact number of c^^ildren who participated 
at each of the four grad^ groups. Children it) the two lower grades 
were enrolled in four elementary schools. Seventh graders were enrolled 
at a junior high school tenth gra<aers ^ single high school. 

Each of the subjec^t populations is describe^ 4n greater detail in the 
chapters presenting re^uj^^g^ 



Data Collection 

The appropriate subtests of a battery v^®^e administered to children 
in groups of about 30. However, first grad^ Children were tested in 
smaller groups of about S ^o 10 in order to ^^duce distractibility 
and, in general, to enabi^ ^he test administrators to monitor the test- 
taking situation more closely. Each of the ^Our batteries was adminis- 
tered at a different time q^^^. ^ five-^month Period, lasting approximately 
from December, 1973 through early May, 1974- Two test administrators, 
both male, were responsible giving the J:?atteries in all assessments. 
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The same aaministrators were r^sp^^^ible ^^^rij^g the tests and for 
coding the test information foX ^^^^^\xent data analyses- 



Treatmexit of Data 

On each subtest of an a^s^ssi^^^^t batte^* / a subject v^as scored as 
having either passed or failed? ^"^^^ is, r^^^^^^s of each assessment 
battery were treated as dich^^t^mo^ '^ata. C^riteri^ get for each sub- 
test determined passing or attainH^^^t of a e^test. Specific criteria 
for attainment of each subtest i^^ ^^ch of assessment batteries will 
be explained and presented in chapters desc3^it>ing results for the four 
assessment series. 

In general/ data were quaAti^^^d by computing frequencies and pro- 
portions of subjects at each gjrad^ ^^Oup who att^ij^Q^ each concept level 
and each uses subtest. These fre^^^Hcies and Proportions were prepared 
separately for boys, girls, b^ys girls coitibined. Preliminary 
statistical tests were used to de^^^ine the ®^istence of any sex 
differences in attainment of tJ^e ^^^elg and uses, ^en no evidence of 
sex differences was found, data w^r^ ^i^ly^ed for toys and girls com- 
bined, post hoc statistical t^st^ ^e^i^^ ^^ged where app^^P^^ate to 
obtain more specific informati^^n 3i>o\it 

dif^^^^^^^s in frequencies and 
propositions. The predicted r^ia^^^^^ships between vocabulary and per- 
formance on the subtests dealing ^^^h tihe concept levels and u.-ses were 
evaluated by computing correlation ^oef fici^^^^ • Each of the specific 
predictions stated in this chapter is eval^^^®^ in terms of these 
descriptive and statistical ^^ly^es. 
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RESULTS OF CLP ASSESSMENT SERIES I: EQUI LATERAL TRIANGLE 



OVERVIEW 

A brief description of the child population precedes a report of 
the specific criteria used for deteinpfiining full attainment on each 
subtest of the battery. The remain^der of the chapter is devoted to 
analyses of results of the assessment in terms of each of the CLD pre- 
dictions. 



CHILD POPULATION 

Table 2 presents mean ages and age ranges of the 313 children who 
participated in Assessment Series I. Data are presented separately for 
boys and girls, as well as for all children, at each grade group. In- 
spection shows that the number of children and sex composition varied 
among grade groups. Number of children varied from 57 for the first- 
grade group to 87 for the seventh and the tenth -grade groups. Age 
range of children within each grade varied from 13 months for fourth 
graders to 16 months for seventh and tenth graders. Age range for 
boys and for girls within any single grade group varied very littler- 
mean age for boys and girls was also very close within grade group. 



CRITERIA FOR FULL ATTAINMENT 

In Chapter II it was stated that one test was used for each level 
of concept attainment and one test for each concept use. For each of 
the levels and uses subtests specific criteria determined full attain- 
ment. In general/ a criterion required that all items of a subtest, 
except one, had to be passed. One error was permitted in order to make 
some allowances for error of measxirement . These criteria are especially 
important since passing the four levels of concept attainment in consecu- 
tive order is critical to the CLD mocael. 

Table 3 summarizes information concerning number of items and 
criteria for attainment on each subtest of the battery. There are 
several exceptions to the criteria convention. The classif icatory 
subtest consisted of 3 items, all of which were required for attain- 
ment. As described earlier, new items and components were added to 
the formal level subtest. Modification resulted in 18 formal level 
items (5 discriminating attributes, 7 labels, 5 evaluating defining 
attributes, and 1 definition). Individual criteria were not estab- 
lished for each of these components; rather, a proportion of all 
formal level items combined was required in order to meet attainment 
criterion. The formal level criterion was set at passing approximately 
80 percent, or 15, of the total 18 formal level items. Number of items 
comprising each of the subtests, as veil as criteria for passing, can 
be reviewed in Table 3. 29 
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TABLE 2 

NUMBER OF CrflLDRE^g^ ^EAN AGE, AND AGE RANGE AT BACH GRADE GRO^P 



Grade Ntutit)©^ Mean Age Age Ran^^ 

(in years and months) (in years and nvon^^^) 



Tot^l 57 6-10 6-3 to 1S 

Boys 33 5-10 6-3 to 7-^5 

Girls 24 6-10 6-3 to 7-3 



Tot^l 82 9-10 9-3 to 10-4 

Boys 51 9-10 9-4 to 10-^4 

Girls 31 9- 9 9-3 to 10-3 



Total B7 12- 9 12-1 to 13-5 

Boys 36 12-10 12-2 to 13'-5 

Girls 51 12- 9 12-1 to i3'-5 



10 Total 15- 7 15-1 to 16^5 

Boys 42 15- 7 15-1 to IS'^S 

Girls 45 15- 7 15-1 to 16^5 



PROPORTION OP fACH Grade group conforming to the predicted invariant 

SEQUENCE 

Basic to the CLo model is the postulate that each successive l^v^l 
of concept attainment requii'es the use of on^ or more new cognitive 
operations. E^ch subtest will be more difficult than the previous 
because it demands at least one additional cognitive operation. Th^ ^LD 
model, then, limits to fiva the number of acceptable patterns of su^^^ss 
and failure fcj^ the concept levels. These are: to fail all four l^^^ls 
(FFFF) , to pas^ the concrete level and fail the next three (PffF) ; ^ 
pass both concrete a^^ identity and to fail the last two (PFFF) , to P^ss 
the first thre^ levels and fail formal (PPPF) , and finally to pass all 
four levels (P?PP) - 

Table 4 present^ ^j^e number and pri?portion of each grade group that 
attained the successive levels in accord with the patterns predi^^ted 
the model, as well ^j^g number and proportion of each grade group 
hibiting patterns no^^ acceptable to the model. Tables 5 and 6 sfiow the 
same data separately for boys and for girls- Chi--square tests w^re P®ir- 
formed at the .05 levei of statistical significance to discover if 
sex differences existed in the subtotals of children conforming to tl^® 
five combined predicted patterns. No sex differences were found vitl^in 
grade groups ot ^ll grade groups conibined. Since no statistically 
significant differenoea between boys and girls in conformity to predicted 
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TABLE 3 

NUMBER OP ITEMS AND CRITERIA DEf INII^^ ^^^^ A^^INl^NT 
FOR EACH CONCEPT LiTVEL use 



Subtest 



NumbeiT 
Iteitis 



criteria ^^ii 
Attaininent 



1 . Concrete 

2* Identity 

3^ Ci^ssif icatory 

4 . Foi:inal 

^- Discrim. Attributes 

t>- Labels 

c. Evaluating Defining Attributes 
Definition 
5* Principle 
€• problem Solving 
7- 5upraordinate-Subordinate 



8 
8 
3 

5 
7 

5 

1 J 
5 pairs 

5 

4 pair^ 



correct 
correct 
3 correct 



Is itenis co^iTect 
0:t approxxin^teiy 
Bo% of combij^^^ 

correct 
^ correct 
3 correct 



Patterns of attainment were detected, the J^^^inder ^^xs section ^^^^^ 
focus on Table 4 which 5>resents data £cr b^^^ gi^ls Ooinbined' ^^les 5 
^nd 6 are presented for readers who wi^h tP ^5c^ne and Compare Performance 
data for boys and girls » 

The first five rows of Table 4 presents t^^^ nuint'er at^^ profx^^^^^^n of 
e^ch grade group that attained the successi^Q Xe^v^'^^ Accord ^ach 
Of the five patterns predicted by the wodel- ^^1 b^t 15 ^hildi^®^' ^t" 95 
Percent, denionstrated attainment of the le^^^l^ consistent ^ith f^^e- 
dicted invariant sequence. More specif ical^V, in orcj^^. ^®^^^^sing 

frequency, 163 children showed the PPpF pa^^^^Jr^^; 98/ PPP5>. 37, PPFF; ^ 
P^FF and FFPP. Within grade groups, 98 peJ^^^^^t 'e/:ch of the ti^^^^ ' 
seventh graders, and 93 percent of each of fourth ancj tenth ^^^^^^rs 

conformed to accepted patterns. 

The last 11 rows of Table 4 present tH® nvixnber pj^oportio*^ 
children who displayed non-conforming p^itte^^^^ pive pe^oent (1^ ^^iidren) 

the total subject population did not dein^^^^trate attaij^g^t 
levels consistent v^ith the predicted inV-ari^nt sequence, j^^^e cf *^^^se 15 
children passed the formal level after- failing classific^t:ory , contt^ 
prediction, 3 failed the identity level/ l'^^ ^Qnt on to Attain 
classificatory level, 2 failed the concJ^ete ^^Vel, ^^nt on ^^^ain 

the identity and ciassif icatory levels, and 1 bailed the cioncrete/ 
went on to attain the identity level, pevi^^^^^ children ^rere ^^^^ibuted 
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TABLE 4 



NUMBER AND PROPORTION OP FOUR GRADE GROtjpg CONFORMING AND 
NOT CONFORMING TO PREDICTED SEQUENCE qF ATTAINMENT 



t^ass-Fail Sequence 


1st 


4th 




10th 


AT 1 Gi^adftc* 




(n«57) 


(n=82) 


(n==87) 


(n=87)_ 


(N=313) 




0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


l^PFF 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


^PFF 


16 


9 


5 


7 


37 




.28 


.11 


.06 


.08 


.12 


^PpF 


40 


62 


41 


20 


163 




.70 


.76 


47 

zjj. 


.23 


.52 


*^?pP 


0 


5 


39 


54 


98 




.00 


.06 


.45 


.62 


.31 














Subtotal Confornung 


56 


76 


85 


81 


298 




.98 


.93 


,98 


• 93 


.95 


Fppp 


0 


0 


0 


0 


0 




.00 


.00 


*oo 


.00 


.00 


^FPF 


0 


0 


0 


0 


0 




.00 


.00 


%oo 


.00 


.00 


Fppp 


0 


0 


0 


0 


0 




.00 


.00 


%oo 


.00 


.00 




0 


1 


0 


0 


1 




.00 


.01 


^ oo 


.00 


.00 


Pppp 


0 


0 


0 


0 


0 




.00 


.00 


« oo 


.00 


.00 


PppF 


0 


2 


0 


0 


2 




.00 


.02 


. oo 


.00 


.01 


Pj>pp 


0 


0 


0 


0 


0 




.00 


.00 


% oo 


.00 


.00 


P^pp 

•*• *; ^ 


0 




u 


u 


u 




.00 


.00 


%00 


.00 


.00 


P^PF 


1 


2 


0 


0 


3 




.02 


.02 


• 00 


.00 


. .01 


P^pp 


0 


0 


0 


0 


0 




.00 


.00 


• 00 


.00 


.00 


Pl^pp 


0 


1 


2 


6 


9 




.00 


.01 


• 02 . 


.07 


.03 


Subtotal Not Conforming 


1 


6 


2 


6 


15 




«02 


.07 


• 02 _ 


.07 


.05 



49 

o 

ERIC 



33 



TABLE 5 

NU^©ER AND PROPORTION OF BOYS AT THE FOUR GRADE GROUPS CONFORMING 
AND NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT 



Pass— Fail Seaupnr^a 


1st 


4th 


7th 


10th 






(n=33) 


(n=51) 


(n=36) 


(n=42) 


(N=162) 


FFFF 


U 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PFFF 


U 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PPFF 




8 


2 




22 




.30 


.16 


.06 


.05 


.14 


PPPF 




o4 


21 


11 


88 




.67 


.67 


.58 


.26 


.54 


PPPP 


n 


A 

H 


12 


27 


43 




.00 


.08 


.33 


.64 


.27 


Subtotal Conforming 




46 


35 


40 


153 
.94 




.97 


.91 


.97 


.95 


FFFP 


U 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


FFPF 


u 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


FFPP 


u 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


FPFF 




1 


0 


0 


1 




.00 


.02 


.00 


.00 


.01 


FPFP 


u 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


FPPF 


U 


2 


0 


0 


2 




.00 


.04 


.00 


.00 


.01 


FPPP 


U 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


nn 


PFFP 


0 


0 


0 


0 


n 




.00 


.00 


.00 


.00 


.00 


PFPF 


1 


1 


0 


0 


2 




.03 


.02 


.00 


.00 


.01 


PFPP 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PPFP 


0 


1 


1 


2 


4 




.00 


.02 


.03 


.05 


.02 


Subtotal Not Conforming 


1 


5 


1 


2 


9 




.03 


.10 


.03 


.05 


.06 
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TABLE 6 



NUMBER AND PROPORTION OF GIRLS AT THE FOUR GRADE GROUPS CONFORMING 
AND NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT 





Pass-Fail Sequence 


XS u 


ft til 


"7 A, 

/tn 


lOtn 


All Grades 






vn— o±; 


vn— D±; 


in— 4d; 


/ M— . T C T \ 

iN=lDl ; 


FFFF 


0 


0 


0 


0 


0 




nn 


nn 
. uu 


. UU 


nn 
. UU 


.00 


PFFF 


0 


0 


0 


0 


0 




nn 


nn 
. uu 


nn 
. UU 


nn 
. UU 


. 00 


PPFF 


6 


1 


3 


5 


15 






n "7 


. Uo 


• 11 


.10 


PPPF 


18 


28 


20 


9 


75 




• fO 


Qn 




in 


o 50 


PPPP 


0 


1 


27 


27 


55 




nn 
• uu 


n 7 

• u J 




. oU 


. 36 


Subtotal Conforming 


24 


30 


50 


41 


145 




1 nn 

X • uu 


Q7 


QQ 
. JO 


.yi 


.95 


FFFP 


0 


0 


0 


0 


0 




nn 

• uu 


nn 
• uu 


nn 
. UU 


nn 
. UU 


.00 


FFPF 


0 


0 


0 


0 


0 




nn 


nn 
. uu 


nn 
. uu 


nn 
. UU 


nn 
. UU 


FFPP 


0 


0 


0 


0 


0 




nn 

• uu 


nn 
« uu 


nn 
. UU 


nn 
.UU 


.00 


FPFF 


0 


0 


0 


0 


0 




nn 
• uu 


nn 
« uu 


nn 
. UU 


nn 
.UU 


.00 


FPFP 


0 


0 


0 


0 


0 




nn 

• uu 


nn 
• uu 


nn 
. UU 


nn 
. UU 


.00 


FPPF 


0 


0 


0 


0 


0 




nn 
u uu 


nn 
u uu 


nn 
. UU 


. 00 


.00 


FPPP 


0 


0 


0 


0 


0 




nn 
• UU 


nn 
. UU 


. 00 


.00 


.00 


PPPP 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PFPF 


0 


1 


0 


0 


1 




.00 


«03 


.00 


.00 


.01 


PFPP 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PPFP 


0 


0 


1 


4 


5 




.00 


.00 


.02 


.09 


.03 


Subtotal Not Conforming 


0 


1 


1 


4 


6 




.00 


.03 


.02 


.09 


.04 
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most heavily in each of the fourth- and tenth-grade groups where 6 children 
did not conform; only 1 first grader did not conform and 2 seventh graders 
did not conform. 

The fact that 95 percent of our 313 subjects conformed to the pre- 
dicted invariant sequence of attainment provides very strong support for 
the major proposition and first prediction derived from the CLD model. 

Tat.:.e '7 presents frequencies of subjects according to each non- 
conforminc, pattern and number of items r-rce: at each concept level for 
which criterion was not met. Examination ^f these protocols is useful 
for suggesting why these children deviated from the predicted invariant 
sequence of attainment. 

One child failed the concrete level but went on to attain the 
identity level. Passing seven of the eight concrete items was required 
for attainment. This non- con forming child passed six of the eight items. 
Two children failed the concrete level but went on to attain the identity 
and classif icatory levels. One of these non-conforming children passed 
six of the eight items and the other passed five of the eight items — per- 
formances that were very close to meeting the requirements for attainment 
at the concrete level. Three children passed concrete, failed identity, 
but went on to pass classif icatory. Again, seven of the eight identity 
items were required for attainment. All three of these non-conforming 
children passed six of the eight items. Nine children appeared in the 
PPFP pattern. Eight of these children passed two of the three test items 
required for attainment; one other passed none of the classif icatory 
items but went on to attainment at the formal level. Examination of most 
of these protocols reveals that attainment of a level that should have 



TABLE 7 

FREQUENCIES OF SUBJECTS ACCORDING TO PATTERN OF EXCEPTION 
AND ITEMS CORRECT AT EACH CONCEPT LEVEL NOT ATTAINED 



1 FPFF 

2 FPPF 



N Pattern of Exception Number of Items Correct on Concrete Subtest (7 required) 

0 1 2 3 4 5 6 

1 

1 1 

Number of Items Correct on Identity Subtest (7 required) 

0 1 2 3 4 5 6 

PFPF 3 

Number of Items Correct on Classif icatory Subtest (3 required) 
0 12 
PPFP 1 3 
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passed, according to the model, was just barely missed. Thus, these 
deviations are probably nKDst reasonably explained as errors of measure- 
ment associated with each si±)test, or as a consequence of criterion 
stringency, or both. The few protocols showing that a child attained 
a more difficult level after falling far short of criterion at lower 
levels can probably be reasonably interpreted as cases of inattentive- 
ness during test taking or misunderstanding of directions. 



PREDICTED SEQUENCE OF CONCEPT ATTAINMENT AND DIFFICULTY OF THE LEVELS 

The CLD hypothesis is that the sequence of attainment is invariant 
because each successively higher concept level requires the use of one 
or more increasingly complex cognitive operations. As a consequence, 
the items and the total subtest at each successive level are more diffi- 
cult. It might be argued that the invariant sequence of attainment is 
not a function of difficulty determined by increasingly complex cognitive 
operations at the successive concept levels, concrete through formal, but 
that it is simply a function of increasing test item difficulty unrelated 
to the operations. In order to ensure that the number of si±)jects con- 
forming and not conforming to the predicted sequence is not merely due to 
increasing difficulty of the successive subtests unrelated to the more 
complex operations, a statistical procedure accounting for independent 
difficulty level can be applied to the data. However, in this adminis- 
tration of the equilateral triangle battery, it was noted that fewer than 
five subjects were expected to follow each of 12 of the 16 patterns. 
Therefore, it was statistically inappropriate to perform the Chi-square 
goodness-of-fit test due to the insufficient cell frequencies. 

PROPORTION OF GRADE GROUPS ATTAINING THE FOUR LEVELS 

This section will evaluate data relevant to predictions two and 
three, both of which are derived from the first proposition regarding 
the predicted invariant sequence of concept attainment. These two pre- 
dictions are closely related. According to prediction two, within a 
given grade group the percentage of children passing each successive 
level of attainment will decrease, and, according to prediction three, 
the percentage of children passing any given level will increase as a 
function of increasing grade group. 

Data were first examined for any important sex differences in fre- 
quencies of children who fully mastered each level of attainment. Chi- 
square tests revealed that at each level of attainment, within each 
grade group, and for all grade groups combined, only two sex differences 
in performance occurred. In the fourth-grade group more girls than boys 
attained the classif icatory level (x2 = 4.45, £< .05, df. =1). For all 
grade groups combined, more girls than boys attained the formal level 
(X = 3.99,^ < .05, df. = 1). None of the remaining 18 Chi-square tests 
for sex differences approached statistical significance. Since no strong, 
systematic sex differences were found in these data. Table 8, combining 
data for boys and girls, was used for statistical analyses. Tables 9 and 
10 show the same data separately for boys and for girls. 
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TABLE 8 



NUMBER AND PROPORTION OF EACH GRADE GROUP THAT 
FULLY MASTERED EACH LEVEL OF ATTAINMENT 



^^^^^ Concrete Identity Classif icatory 



Formal 



1st (n=57) 

Number 57 55 4^ ^ 



•98 .72 .00 



Proportion 1,00 
4th (n=82) 

Number 79 qq j-^ 

Proportion .96 .98 .87 .07 
7th (n=87) 

N^®^ 87 87 80 41 

Proportion 1.00 l.oo ,92 .47 

10th (n=87) 

Number 87 87 74 60 

Proportion l.OO I.OO .85 .69 
All Grades (N=313) 

Number 3IO 310 266 107 

Proportion .99 .99 .85 .34 



Table 8 shows the number and proportion of each grade group that 
fully attained each concept level. The row entries are relevant to 
the first prediction addressed in this section. At each grade group, 
there was a gradual decrease in the proportion of children r.ttaining 
the successive levels, although at every grade group a hig>i degree of 
proficiency was demonstrated at the concrete and identity levels. Pro- 
portions of the total subject population reflect this cousisten^t finding: 
99 percent, concrete; 99 percent, identity; 85 percent, classificatory; 
and 34 percent, formal - 

Cochran Q tests were used to discover if the proportions of children 
fully attaining the four concept levels differed significantly within 
each of the four grade groups. Significance of the differences among the 
proportions for each of the four grade groups was well beyond the .001 
level [Q = 139.37, first grade; 186.59, fourth grade; 117.81, seventh 
grade; 49.80, tenth grade (df. =3)]. McNemar tests were run at the .05 
level of significance to determine where specific differences in attain- 
ment among the four levels occurred in each of the four grade groups. 
Six comparisons were possible: concrete with (1) identity, (2) classifi- 
catory, and (3) formal; ideiitity with (4) classificatory and (5) formal; 
finally, classificatory with (6) formal. For each of the four grade 
groups, five of the six possible comparisons differed with statistical 
significance. The only comparison that was not statistically significant 
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TABLE 9 

NUMBER AND PROPORTION OF BOYS AT EACH GRADE GROUP 
WHO FULLY MASTERED EACH LEVEL OF ATTAINMENT 



Grade Concrete Identity Classif icatory Formal 



1st (n=33) 

Number 33 32 23 0 

Proportion 1.00 .97 .70 .00 

4th (n=51) 

Number 48 50 41 5 

Proportion .94 .98 .80 .10 

7th (n=36) 

Number 36 36 33 13 

Proportion 1.00 1.00 .92 .36 

10th (n=42) 

Number 42 ^ 42 38 29 

Proportion 1.00 1.00 .90 .69 

All Grades (N=162) 

Number 159 160 135 47 

Proportion .98 .99 .83 .29 



was concrete with identity. In each of the remaining comparisons at each 
grade group, fewer children passed the higher concept level. 

The columns of Table 8 contain information relevant to the second 
prediction addressed in the present section— the percentage of children 
passing any specific level of concept attainment should increase as a 
function of increasing grade group. Inspection shows that these data 
support the second prediction, although all four grade groups perform 
about equally well at the concrete and identity levels. In addition, at 
the classif icatory level reversals to the prediction occurred; a greater 
percentage of fourth graders and seventh graders attained the concept 
than the percentage of tenth graders who attained. 

Chi-square tests were used to find out if the proportions of indi- 
vidual grade groups passing each of the four levels of concept attainment 
differed significantly from the proportions of the combined grade groups 
passing each of the four levels. The differences in proportions attaining 
three of the levels were significant as follows: = 3) = 8.53, < 

.05, concrete; 11.09,_£< .02, classificatory ; 109.17,^ < .001, formal. 
A Chi-square analog to Scheffe's theorem was performed to determine where 
differences between grade groups in attainment of each of the four levels 
were significant at the .05 level. Significant differences were as fol- 
lows: At the classificatory level the seventh graders surpassed attainment 
of the first graders. At the formal level, five of the six pair-wise 
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TABLE 10 

NUMBER AND PROPORTION OF GIRLS AT EACH GRADE GROUP 
WHO FULLY MASTERED EACH LEVEL OF ATTAINMENT 



Grade 



Concrete 



Identity 



Classificatory 



Formal 



1st (n=24) 
Niamber 
Proportion 

4th (n=31) 
Niomber 
Proportion 

7th (n=51) 
Niomber 
Proportion 

10th (n=45) 
Niamber 
Proportion 

All Grades (N=151) 
Nviniber 
Proportion 



24 
1.00 

31 

1.00 

51 
1.00 

45 
1.00 

151 
1.00 



24 
1.00 

30 
.97 

51 
1.00 

45 
1.00 

150 
.99 



18 
.75 

30 
.97 

47 
.92 

36 
.80 

131 
.87 



0 

.00 

1 

.03 

28 
.55 

31 
• 69 

60 
.40 



oompari-^ons differed significantly— the exception being that between first 
and fourth graders. Thus, as grade group increased, significantly larger 
numbers of children attained the formal level. 

The data relevant to full attainment of the concept equilateral tri- 
ancle provide strong support for predictions two and three which deal^wTth 
lifficuity of the successive concept levels. 



RELATIONSHIP BETWEEN FULL ATTAINMENT OF VARIOUS LEVELS AND USES 

The fourth prediction derived from the CLD model holds that indi- 
viduals who have attained a concept only to the concrete or identity 
levels may be able to use that concept in cognizing simple perceptual 
relations among concepts and in solving simple problems of a perceptual 
kind, but that they will not be able to use the concept in xinderstanding 
supraordinate-subordinate relations, xinderstanding more complex princi- 
ples, or in solving more complex problems. 

The first half of Table 11 presents data relevant to the fourth 
prediction. No children passed concrete as their highest level of 
attainment. Table 12 shows 23 boys attained identity as their high- 
est level with three instances of mastery on uses subtests; Table 13 
indicates 15 girls attained identity as their highest level with six 
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instances of mastery on uses subtests. A Chi-square test revealed that 
the SOX difference was not significant. Of the 38 children, then, whose 
hiMhosi; levol of attainment was idontity, there were nine instances of 
attaining uses subtests (three supraordinate-subordinate , two principle, 
and four problem solving). In general, we may conclude that these data 
support the fourth prediction of the CLD model: attainment of a concept 
to only the concrete or identity levels severely limits mastery of the 
uses of a concept. 

Reviewing the fifth prediction, the model holds that a higher pro- 
portion of children who attained the formal level, in comparison to the 
classificatory, will master the three concept uses. In the second half 
of Table 11 we find data against which to test this specific prediction. 
A total of 168 children mastered the classificatory level as their 
highest level of attainment and 107 attained the formal level. Compari- 
sons between children performing at these two levels with reference to 
their mastery of the concept uses are of special interest not only to 
the CLD model but to educators and learning theorists as well. 

Preliminary Chi-square tests conducted at the .05 level showed that 
no significant sex differences existed in attainment of each of the uses 
among formal level attainers and in attainment of the uses among classi- 
ficatory level attainers. The data in Table 11, combining data over sex, 
were therefore used for analysis. 

Of the classificatory attainers, 11 percent mastered the supra- 
ordinate-subordinate subtest; 10 percent, principle; and 21 percent, 
problem solving. These data are in contrast to performances of formal 
attainers: 35 percent passed the supraordinate-subordinate subtest; 
64 percent, principle; and 58 percent, problem solving. Chi-square 
tests showed a significant overall advantage in attainment of uses 
(beyond the .001 level) for children performing at the formal level 
when compared to those performing at the classificatory level [x^ = 
21.83, supraordinate-subordinate; 89.94, principle; 38.00, problem 
solving (df . = 1) ] . 

To review and summarize this section, data obtained from assess- 
ment of equilateral triangle provide strong support for both predictions 
under scrutiny. When a concept is attained to only the concrete or 
identity levels, use of the concept is curtailed, when a concept is 
attained to the formal level, compared to the classificatory level, use 
of the concept is greatly facilitated. 



DIFFICULTY OF THE THREE USES 

The sixth prediction derived from the CLD model, and testable in 
a cross-sectional study, states that performance on these uses subtests 
will improve as a fxinction of increasing grade group. Tabic 14 pre- 
sents the number and proportion of each grade group that fully mastered 
each of the three concept uses: supraordinate-subordinate, principles, 
and problem solving. T^Joles 15 and 16 show the same data for boys and 
for girls separately. Preliminary Chi-square tests revealed no sex 
differences in mastery of any of the uses at any of the grade groups or 
for combined grades. Analyses are, therefore, based on the combined 
data. 
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TABLE 14 

NUMBER AND PROPORTION OF EACH GRADE GROUP THAT FULLY 
MASTERED EACH OF THE THREE CONCEPT USES 



Grade 



Supraordinate-Subordinate Principle Problem Solving 



1st (n=57) 






Number 


1 


0 


Proportion 


.02 


.00 


4th (n=82) 






Niimber 


8 


4 


Proportion 


.10 


.05 


7th (n=S7) 






Number 


16 


24 


Proportion 


.18 


.28 


10th (n=87) 






Number 


34 


58 


Proportion 


.39 


.67 


All Grades (N=313) 






Number 


59 


86 


Proportion 


.19 


.27 



/o 
ioo 



13 
.16 

29 
.33 

60 
.69 

102 
.33 



Consistent with the prediction, Table 14 shows a consistent improve- 
ment in performance in each higher grade group. The problem solving 
subtest best exemplifies the marked improvement in mastery with increas- 
ing grade group: 0 percent of the first graders, 16 percent of fourth 
graders, 33 percent of seventh graders, and 69 percent of tenth graders 
fully attained this concept use. Noteworthy is the consistent, sharp 
improvement in mastery of each of the three uses from seventh to tenth 
grade groups. The marked improvement in attainment can be attributed 
both to specific mathematical instruction and to emergence of cognitive 
operations specified by the model. Table 14 indicates, in addition, that 
for the total subject population 19 percent mastered the supraordinate- 
subordinate subtest; 27 percent, principle; and 33 percent, problem 
solving, 

Chi-square tests were used to ascertain statistically significant 
differences between the proportions of individual grade groups passing 
each of the three uses and the proportion of the combined grade groups 
passing each of the three uses. The difference in proportions of sub- 
jects attaining each of the uses was significant beyond the .001 level 
[X^ = 38.61, supraordinate-subordinate; 109.67, principles; 90.44, 
problem solving (df. = 3)]. A Chi-square analog to Scheffe's theorem 
was performed between all pairs of grade groups to determine where the 
differences in each use were significant at the .05 level. For the 
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TABLE 15 

NUMBER AND PROPORTION OF BOYS AT EACH GRADE GROUP WHO FULLY 
MASTERED EACH OF THE THREE CONCEPT USES 



Supraordinate-Subordinate Principle Problem Solving 



1st (n=33) 

Number 0 0 

Proportion ,00 ,00 

4th (n=51) 



Number 3 



0 
.00 



3 6 
,12 



Proportion ^06 ,06 
7th (n=36) 

Number 5 g ^2 

Proportion ,14 ^25 .33 
10th (n=42) 

Number 17 27 32 

Proportion ,40 ,54 ,75 

All Grades (N=162) 

Number 25 39 50 

Proportion ,15 ^24 31 



supraordinate- subordinate subtest, the performance of the tenth-grade 
group differed significantly from that of each of the other three 
grade groups. For the principle subtest every pair-wise comparison 
between grade groups differed significantly except that between first 
and fourth grades. For the problem solving subtest all pair-wise com- 
parisons differed significantly except those between first and fourth 
grades, and fourth and seventh grades. That is, with increasing grade 
groups a statistically significant improvement in attainment occurred 
on principle and problem solving subtests, 

We may conclude that the prediction of increasing mastery of uses 
as a function of increased grade group has received strong cind consis- 
tent support from these data. 

RELATIONSHIP BETWEEN VOCABULARY DEVELOPMENT AND ATTAINMENT OF CONCEPT 
LEVELS AND USES 

The final section of the present chapter is concerned with the last 
two of our eight predictions. It is expected that having the verbal 
labels for the concept equilateral triangle and its attributes will be 
positively correlated with attainment of ''.evels and performance on the 
uses subtests within individual grade groups. Across combined grade 
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TABLE 16 

NUMBER AND PROPORTION OF GIRLS AT EACH GRADE GROUP WHO FULLY 
MASTERED EACH OF THE THREE CONCEPT USES 



Supraordinate-Subordinate Principle Problem Solving 











Number 


1 


0 


0 


Proportion 


,04 


.00 


• 00 


4th (n=31) 








Number 


5 


1 


7 


Proportion 


• 16 


• 03 


• 23 


7th {n=51) 








Number 


11 


15 


17 


Proportion 


• 22 


• 29 


• 33 


10th (n=45) 








Number 


17 


31 


28 


Proportion 


• 38 


• 69 


• 62 


All Grades (N=151) 








Number 


34 


47 


52 


Proportion 


• 23 


• 31 


• 34 



groups, vocabulary scores and attainm'-r;^ of levels and uses subtests 
should show an even higher positive correlation. 

In order to compute correlation coefficients, a special scaling 
system was devised. For each subject, a point score of one was assigned 
to full attainment of each concept level and each use, and a score of 
zero to each when mastery was not attained. The second variable for all 
computations was mean performance on the seven-item vocabulary test in 
which a score of one was again assigned to each correctly answered item. 
Therefore, for each individual, scores on the four concept levels could 
vary from 0-4; scores on the three concept uses could vary from 0-3; 
ana scores combining levels and uses could vary from 0-7. (Combining 
levels and uses subtests provided a measure of overall task performance.) 
Similarly, the scores on the vocabulary test varied from zero, for no 
labels correct, to a perfect score of seven. For each subject, then, 
overall performances on concept level subtests, concept uses subtests, 
combined levels and uses subtests, and vocabulary were calculated. 

This scoring system generated Table 17, which presents means and 
standard deviations for levels, uses, combined levels and uses, and 
vocabulary scores at each grade group and for all grades. In addition, 
mean scaled scores were computed for boys and girls separately. The 
predicted improvement in concept attainment and performance on uses with 
increasing grade group is, of course, demonstrated in these data based 
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TABLE 17 

MEANS AND STANDARD DEVIATIONS FOR COMBINED CONCEPT LEVELS, CONCEPT USES, 
COMBINED LEVELS AND USES, AND VOCABULARY AT EACH GRADE GROUP 







Concept 


Concept 


Levels 




Grade 




Levels: 


Uses : 


and Uses : 


Vocabulary: 


N 


( Maximum 


(Maximum 


(Maximum 


(Maximum 






Score, 4) 


Score, 3) 


Score, 7) 


Score, 7) 









S.D. 


^M 


S.D."^ 


^M 


S.D.^ 


•^M ' 


S.D.^ 


1st 


57 


2.70 


.46 


.02 


.13 


2.72 


.49 


1.77 


1.38 


4th 


82 


2.88 


.51 


.30 


.62 


3.18 


.84 


3.92 


1.68 


7th 


87 


3.39 


.60 


.79 


.97 


4.18 


1.30 


5.21 


1.53 


10th 


87 


3.54 


.64 


1.75 


.96 


5.29 


1.30 


6.10 


1.19 


All Grades 


313 


3.17 


.66 


.79 


1.02 


3.96 


1.45 


4.50 


2.10 


All Boys 


162 


3.09 


.67 


.70 


.99 


3.80 


1.47 


4.33 


2.14 


All Girls 


151 


3.26 


.64 


.88 


1.05 


4.14 


1.42 


4.68 


2.04 



on mean scaled scores as it was in the data based on proportions- Mean 
scores on the vocabulary test also show a gradual improvement with in- 
creasing grade group. Mean scaled scores for boys and girls are very 
similar on each measure, as well as on vocabulary. 

Pearson product-moment correlations (r) were then calculated in 
order to discover the relationship between vocabulary comprehension and 
task performance. For each grade group, all grades combined, and all 
boys and all girls, Table 18 presents the correlations between scores 
on the vocabulary test and scores on (1) concept level, (2) concept uses^ 
and (3) combined levels and uses. 

Tests for any statistical significance, at the ,05 level, between 
the correlations for boys and girls on each of the three performance 
measures revealed no sex differences. The correlations within each 
grade group are quite modest, especially for the first- and fourth-grade 
groups. The very low order correlations for the younger subjects 
reflect a limited range of performance. The range of attainment on 
concept levels was small, few or no uses subtests were passed, and com- 
prehension of verbal labels was comparatively limited. Seventh and 
tenth graders, by contrast, showed increasing competence with verbal 
labels and a wider range of performance on concept attainment and uses. 
The correlations for these grade groups indicate, in general, a positive 
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TABLE 18 



PEARSON PRODUCT-MOMENT CORRELATIONS BETWEEN MEAN VOCABULARY SCORES AND MEAIT SCORES 
ON. CONCEPT LEVELS, CONCEPT USES, AND COMBINED LEVELS AND USES 



Grade Group 


N 


Four Concept 
Levels 


Three Concept 
Uses 


Combined Levels 
and Uses 


1st 


57 


-.19 


.22 


-.12 








.17 


. 29** 


7th 


87 


.55** 


.49** 


.62** 


10th 


87 


.64** 


.39** 


.60** 


All Grades 


313 


.58** 


.59** 


.68** 


All Boys 


162 


.59** 


.61** 


.68** 


All Girls 


151 


.55** 


.56** 


.66** 



< .05 
**p < .01 



and substantial relationship between test performance and vocabulary 
scores. Eight of the nine correlations obtained for fourth, seventh, 
and tenth grade groups were statistically significant from zero at or 
beyond the .05 level. 

Correlations for the total subject population, as well as for all 
boys and all girls, were also quite high. The correlation was .58 
between overall performance on concept level subtests and overall per- 
formance on the vocabulary subtest. The correlation between overall 
performance on three concept uses and vocabulary scores was . 59 and 
between overall performance on combined levels and uses and vocabulary 
scores, .68. Each of these three correlations was statistically sig- 
nificant from zero at or beyond the .01 level, as were correlations for 
all boys and all girls. The expected relation between vocabulary pro- 
ficiency and concept attainment and use specified in our two final 
predictions is clearly supported by the correlational data. 
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IV 

RESULTS OF CLP ASSESSMENT SERIES II: CUTTING TOOL 



OVERVIEW 

This chapter will be devoted to presentation and analyses of data 
obtained from the cutting tool battery in order to test each of the 
eight CLD predictions concerning conceptual development. First, a 
short description of the child population and specific criteria used 
for determining full attainment on each subtest of the battery are pro- 
vided. 



CHILD POPULATION 

Table 19 presents mean ages and age ranges for the 310 children who 
participated in Assessment Series II. Within each grade group, data are 
presented for all subjects and then for boys and girls separately. 
Total number of children varied at each grade group: 57 first graders, 
81 fourth graders, 85 seventh graders, and 87 tenth graders participated 
in the assessment. Age range varied from 13 months, in the fourth-grade 
group, to 16 months in the seventh- and tenth-grade groups; mean age and 
age range for boys and girls within grade group var?^^. very little. 

CRITERIA FOR FULL ATTAINMENT 

Criteria for full attainment of each of the first three concept 
levels and three uses followed the convention described earlier of 
permitting only one error within the items of any one subtest. Table 20 
specifies these criteria. At tha formal level the criterion for attain- 
ment required correct responses on 15 of the total 18 items; i.e., about 
80 percent of the combined formal subtest items were reqviired for full 
mastery. 



PROPORTIONS OF EACH GRADE GROUP CONFORMING TO THE PREDICTED INVARIANT 
SEQUENCE 

Descriptive data will be presented in this section in order to 
evaluate the first prediction derived from the CLD model. Since sequence 
of attainment of the four concept levels is presumed to be invariant, 
only five patterns of attainment are acceptable. The number and propor- 
tion of children at each grade group who attained tho successive levels 
in the five patterns consistent with the CLD model are presented in the 
first five rows of Table 21. 
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TABLE 19 

NUMBER OF CHILDREN, MEAN AGE, AND AGE RANGE AT EACH GRADE GROUP 





Grade 


Number 


Mean 


Age 


Age Range 








(in years and months) 


(in years and months) 


1 


Total 


57 


/- 


1 


6-5 


to 


7-8 




Boys 


33 


-7 
/" 


1 


5-0 


to 


7-8 




Girls 


24 


7- 


1 


6-6 


to 


7-6 


4 


Total 


Q 1 

ol 


10- 


1 


9-6 


to 


10-7 




Boys 


50 


10- 


1 


9-7 


to 


10-7 




Girls 


31 


10- 


0 


9-6 


to 


10-6 


7 


Total 


85 


13- 


0 


12-4 


to 


13-8 




Boys 


34 


13- 


1 


12-5 


to 


13-8 




Girls 


51 


13- 


0 


12-4 


to 


13-8 . 


10 


Total 


87 


15- 


10 


15-4 


to 


16-8 




Boys 


42 


15- 


10 


15-4 


to 


16-8 




Girls 


45 


15- 


10 


15-4 


to 


16-8 



Tables 22 and 23 present the same data for boys and girls sepa- 
rately. Chi-square tests were performed at the .05 level of statistical 
significance to discover if any sex differences existed in the subtotals 
of children conforming to the five predicted patterns of attainment. No 
statistically significant sex differences were observed within grade 
groups or for all grade groups combined. Therefore, the remainder of 
this section will deal with Table 21, combining data for boys and girls. 

No children failed all four levels and none passed the concrete 
level, failing the three higher levels. Seven children passed concrete 
and identity, but failed classif icatory and formal levels. Children 
who passed the three lower levels but failed formal numbered 108, and 
an additional 181 children passed all four concept levels. Thus a total 
of 296 children, or 95 percent, conformed to the predicted invariant 
sequence of attainment on the cutting tool battery. Reading across the 
columns of Table 21 that summarize performance within grade group, it 
is apparent that the percentage of children attaining the concept in 
accord with the model's prediction was very close: 96 percent of the 
first graders, 98 percent of the fourth graders, 93 percent of the 
seventh graders, and 95 percent of the tenth graders conformed. The 
remainder of Table 21 shows the number and proportion of children 
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TABLE 20 



NUMBER OF ITEMS AND CRITERIA DEFINING FULL ATTAINMENT 
FOR EACH CONCEPT LEVEL AND USE 





Subtest 


Number of 
Items 


Criteria for Full 

At" tan nTnon"t" 


1. 


Concrete 


8 




7 correct 


2. 


Identity 


8 




7 correct 


3. 


Classif icatory 


8 




7 correct 


4. 


Formal 


6 








a. Discrijn. Attributes 




15 items correct 












b. Labels 




1 


or approximately 




c. Evaluating Defining Attributes 






80% of combined 




d. Definition 


:j 




Formal items 










5. 


Principle 


5 pairs 


4 correct 


6. 


Problem Solving 


5 




4 correct 


1. 


Supraordinate-Subordinate 


4 pairs 


3 correct 



whose performance followed each of the 11 patterns of attainment that 
are not consistent with the model. Five percent (14 subjects) of the 
total 310 children departed from the predicted sequence of attaj.nment 
and these children fell in six of the eleven possible deviating patterns. 
Eight subjects passed the formal level after failing the classif icatory 
level. These children were distributed equally over the seventh and 
tenth grades. 

Table 24 presents frequencies of subjects for each pattern of excep- 
tion observed in the present assessment and number of items correct at 
each concept level for which attainment criterion was not met. Exami- 
nation of these protocols may help to explain their occurrence. Inspection 
of Table 24 reveals that of the eight children who attained the concept 
levels in the PPFP pattern of exception, five just barely missed meeting 
the masteiry criterion by passing six items when seven items were required. 
The remaining three subjects fell somewhat farther short of criterion. 

The first grader in the FFPF pattern of exception missed criterion 
for attainment of the concrete level by passing five items when seven 
were required. This same child passed six of the seven items required 
for attainment at the identity level. 

The remaining five cases of deviation just barely missed criterion 
for mastery a-; an earlier level, as shown in Table 24. In each case, 
six items were passed when seven were required. 
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TABLE 21 



NUMBER AND PROPORTION OF FOUR GRADE GROUPS CONFORMING AND 
NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT 



Pa^^— Fail Sprrn^nco 


1st 


4th 


7th 


loth 


All Grades 




(n=57) 


(n=81) 


(n=85) 


(n=87) 


(N=310) 


FFFF 


u 


VJ 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PFFF 


U 


vJ 


0 


0 


0 




.00 


.00 


.00 


'^0 


.00 


PPFF 






2 


0 


7 




.05 


.02 


.02 


.00 


.02 


PPPF 






ZD 


4 


108 




.77 


.43 


.29 


.05 


.35 


PPPP 


Q 
O 






79 


181 




.14 


.52 


.61 


.91 


.58 


Subtotal Conforming 




7Q 




o o 

O J 


296 




.96 


.98 


.93 


.95 


.95 


FFFP 


n 
u 


U 


vJ 


0 


0 




.00 


.00 


.00 


.00 


.00 


FFPF 




u 


U 


0 


1 




.02 


.00 


.00 


.00 


.00 


FFPP 


n 


U 


vJ 


0 


0 




.00 


.00 


.00 


.00 


.00 


FPFF 


1 


u 


vJ 


0 


1 




.02 


.00 


.00 


.00 


.00 


FPFP 


u 


U 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


FPPF 


u 


u 


vJ 


0 


0 




.00 


.00 


.00 


.00 


.00 


FPPP 


U 


vJ 




0 ; 


1 




.00 


.00 


.01 


.00 


.00 


PFFP 


0 


0 


0 


0 


Q 




.00 


.00 


.00 


.00 


.00 


PFPF 


0 


1 


1 


0 


2 




.00 


.01 


.01 


.00 


.01 


PFPP 


0 


1 


0 


0 


1 




.Go 


.01 


.00 


.00 


.00 


PPFP 


0 


0 


4 


4 


8 




.00 


.00 


.05 


.05 


.03 


Subtotal Not Conforming 


2 


2 


6 


4 


14 




.04 


.02 


.07 


.05 


.05 
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TABLE 22 



NUMBER AND PROPORTION OF BOYS AT THE FOUR GRADE GROUPS CONFORMING 
AND NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAIN-IENT 





Pass-Fail Sequence 


1st 


4 th 


7th 


10th 


All Grades 






(na33) 


(n=50) 


(n=34) 


(n=42) 


(N=159) 




FFFF 


0 


0 


0 


0 


0 






• 00 


• 00 


• 00 


.00 


• 00 




PFFF 


0 


0 


0 


0 


0 






• 00 


• 00 


• 00 


.00 


• 00 




PPFF 


3 


2 


0 


0 


5 






• 09 


• 04 


.CO 


.00 


• 03 




PPPF 


24 


20 


9 


1 


54 






• 73 


• 40 


• 26 


.02 


• 34 




PPPP 


5 


26 


21 


40 


92 






.15 


• 52 


• 62 


• 95 


• 58 




Subtotal Conforming 


32 


48 


30 


41 


151 






• 97 


• 96 


• 88 


• 98 


• 95 




FFFP 


0 


0 


0 


0 


0 






• 00 


• 00 


• 00 


• 00 


• 00 




FFPF 


1 


0 


0 


0 


1 






• 03 


• 00 


• 00 


.00 


• 01 




FFPP 


0 


0 


0 


0 


0 






• 00 


• 00 


• 00 


• 00 


• 00 




FPFF 


0 


0 


0 


0 


0 






• 00 


• 00 


• 00 


• 00 


• 00 




FPFP 


0 


0 


0 


0 


0 






• 00 


• 00 


• 00 


• 00 


.00 




FPPF 


0 


0 


0 


0 


0 






• 00 


• 00 


• 00 


• 00 


^00 




FPPP 


0 


0 


1 


0 


1 






.00 


• 00 


• 03 


• 00 


• 01 




PPPP 


0 


0 


0 


0 


0 






• 00 


• 00 


• 00 


• 00 


• 00 




p; ' 


0 


1 


1 


0 


2 : 






• 00 


• 02 


• 03 


• OC i 


• 01 j 




PFPP 


0 


1 


0 


° i 


1 






• 00 


.02 


• 00 


• 00 ' 


.01 




PPFP 


0 


0 


2 


1 


3 






• 00 


• 00 


.06 


• 02 


• 02 




Subtotal Not Conforming j 


1 


2 


4 


1 


8 






• 03 


• 04 


.12 


• 02 


• 05 
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TABLE 23 



NUMBER AND PROPORTION OF GIRLS AT THE FOUR GRADE GROUPS CONFORMING 
AND NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT 



Pass-Fail Sequence 


1st 


4th 


7th 


10th 


All n"rariPQ 




(n«24) 


(n=31) 


(n=51) 


(n=45) 


(N=151) 


r r £ r 


0 " 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PIP E'*E'* 

trr r r 


■ 

0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


trirt r 


0 


0 


2 


0 


2 




.00 


.00 


.04 


.00 


.01 


iririrE 


20 


15 


16 


3 


54 




.83 


.48 


.31 


.07 


.36 


PPPP 

IT IT IT IT 


3 


16 


31 


39 


89 




.13 


„52 


.61 


.87 


.59 


ouDuouax L-onronmng 


23 


31 


49 


42 


145 




.96 


1.00 


.96 


.93 


.96 


r r r XT 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


L* E' T3 C 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


r r rF 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


XT' 13 IT* IT* 

r Irr r 


1 


0 


0 


0 


1 




.04 


.00 


.00 


.00 


.01 


■PPTP 

r fr It 


0 


0 


0 


0 


0 




.00 


.00 


.00 


• 00 


.00 


r irsrE 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


T7PPP 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PFFP 


0 


Q 


u 


u 


r\ 

u 




.00 


«00 


.00 


.00 


.00 


PFPF 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PFPP 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PPFP 


0 


0 


2 


3 


5 




.00 


.00 


.04 


.07 


.03 


Subtotal Not Conforming 


1 


0 


2 


3 


6 




.04 


.00 


.04 


.07 


.04 
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TABLE 24 

FREQUENCIES OF SUBJECTS ACCORDING TO PATTERN OF EXCEPTION 
AND ITEMS CORRECT AT EACH CONCEPT LEVEL NOT ATTAINED 



N Pattern of Exception Number of Items Correct on Concrete Subtest (7 required) 

0 12 3 4 5 6 

1 

1 
1 

Number of Items Correct on Identity Subtest (7 required) 

0 12 3 4 5 6 

1 
2 
1 

Number of Items Correct on Classif icatory Subtest (7 required) 

0 12 3 4 5 6 

PPFP 1 9 R 



1 FFPF 
1 FPFF 
1 FPPP 



1 FFPF 

2 PFPF 
1 PFPP 



In summary, the majority of the 14 non-confor- ing children fell in 
patterns of exception because they just barely in' jsed criterion for attain- 
ment on a lower «'ibtest. Such cases are probaLj.y most reasonably explained 
as consequence'-i of measurement error, stringency of criteria, or both. 
Those cases that fell far short of criterion we ascribe, at least for the 
present, to inattentiveness or to misunderstanding of the test instructions. 



PREDICTED SEQUENCE OF CONCEPT ATTAINMENT AND DIFFICULTY OF THE LEVELS 

In this administration of the cutting tool battery, it was not 
possible to statistically confirm that conformity to the predicted 
sequence of attainment was not merely due to increasing difficulty of 
the successive subtests unrelated to the increasingly complex cogni- 
tive operations. It was noted that fewer than five subjects were 
expected to follow each of 12 of the 16 patterns. Therefore, it was 
statistically inappropriate to perform the Chi-square goodness-of-f it 
test due to the insufficient cell frequencies. 

PROPORTION OF GRADE GROUPS ATTAINING THE FOUR LEVELS 

The number and proportion of each grade group that fully attained 
each concept level are presented in Table 25. Tables 26 and 27 present 
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TABLE 25 



NUMBER AND PROPORTION OF EACH GRADE GROUP THAT FULLY 
MASTERED EACH LEVEL OF ATTAINMENT: ALL SUBJECTS 



Concrete Identity Classif icatory Formal 



1st (n=57) 

Number 55 56 53 8 

Proportion .96 .98 .93 .14 

4th (n=81) 

Number 81 79 79 43 

Proportion 1.00 .98 .98 .53 

7th (n=85) 

Number 84 84 79 57 

Proportion .99 .99 .93 .67 

10th (n=87) 

Number 87 87 83 83 

Proportion 1,00 1.00 .95 .95 

All Grades (N=310) 

Number 307 306 294 191 

Proportion .99 .99 .95 .62 



the same data separately for boys and for girls. Chi-square tests were 
used to find out if any statistically significant sex differences occurred 
in attainment of the concept levels. These tests revealed that within 
grade groups and for all grade groups combined only one statistically 
significant difference in mastery existed. At the identity level the Chi- 
square for all grade groups combined indicated superior attainment for 
girls at the .05 level of significance (x^ = 3.85, df. = 1). 

Since no strong, systematic sex differences were found, the data in 
Table 25 were used to evaluate our second and third interrelated predic- 
tions regarding invariant sequence of attainment. Prediction two states 
that within grade group the percentage of children passing each successive 
level of attainment will decrease, and the third prediction mf»intains that 
the percentage of children passing any given level will increase as a 
function of increasing grade group. 

Inspection of the row entries of Table 25 shows that within each 
grade group, as predicted, fewer children, in general, attained concept 
leveJs as the levels increased in difficultyc One minor reversal occurred 
at the first-grade group: 96 percent of the children attained the concrete 
level and 98 percent attained the identity level. In fact, performance of 
all children is equally proficient at the concrete and identity levels; 
the decline occurs only when proceeding from identity to classif icatory to 
formal levels. 
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TABL^: 26 



NUiMBER AND PROPORTION OF BOYS AT EACH GRADE GROUP 
WHO FrjI^,Y MASTERED EACH LEVEL OF ATTAIl^MENT 



Grade Concrete Idf iitity Classif icatory 



Formal 



5 
15 



1st (n=33) 

Number 32 32 30 

Proportion ,97 .97 ^93^ 

4th (n=50) 

Number 50 49 49 27 

Proportion 1,00 .96 ,96 ,54 
7th (n=34) 

Number 33 33 32 24 

Proportion ,97 ^97 ^94 

10th (n=42) 

Number 42 42 41 41 

Proportion 1,00 I.OO ,98 ,98 

All Grades (N=159) 

Number 157 155 

Proportion ,99 ,97 ,95 ,61 



Cochran Q tests were used to discover if the proportions of subjects 
fully attaining the four concept levels differed significantly within 
each of the four grade groups. Significance of the differences among the 
proportions for three of the four grade groups was beyond the .001 level 
[Q - 131.04, first grade; 101.10, fourth grade; 58.59, seventh grade, (df. 
- 3)]. At the tenth grade, the difference among the proportions was sig- 
nificant beyond the .05 level [Q = 8.00 (df. =3)]. McNemar tests were 
run at the .05 level of significance to find out where specific differences 
in attainment among the four levels occurred within each of the four grade 
groups. Six comparisons were possible: concrete with (1) identity, (2) 
classif icatory, and (3) fonnal; identity with (4) classif icatory and (5) 
formal; finally classif icatory with (6) formal. In the first- and fourth- 
grade groups, the significant differences were between each of the first 
three levels when compared to the formal level. In the seventh grade 
group, only the comparison between concrete and identity failed to reach 
statistical significance and in the tenth grade group no comparisons 
were significantly different. In each of the statistically significant 
comparisons, fewer children ttaii.jd the higher concept level. These 
findings provide strong evidence for the prediction that at any given 
grade group fewer children fully attain the successive concept levels. 
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TABLE 27 



NUMBER AND PROPORTION OF GIRLS AT EACH GRADE GROUP 
WHO FULLY MASTERED EACH LEVEL OP ATTAINMENT 



Grade 



Concrete 



Identity 



Classif icatory 



Formal 



1st (n=24) 
Number 
Proportion 

4th (n=31) 
Number 
Proportion 

7th (n=51) 
Number 
Proportion 

10th (n=45) 
Number 
Proportion 

All Grades (N=151) 
Number 
Proportion 



23 
.96 

31 
1.00 

51 
1.00 

45 
1.00 



150 
.99 



24 
1.00 

31 
1.00 

51 
1.00 

45 
1.00 

151 
1.00 



23 
.96 

31 
1.00 

47 
.92 

42 
.93 



143 
.95 



3 

.12 

16 
.52 

33 
.65 

42 
.93 

94 
.62 



The columns of Table 25 are relevant to the second prediction 
addressed in this section. The percentage of children passing any 
given level of concept attainment should increase as a function of 
increasing grade group. Inspection shows, however, that at the first 
three concept levels mastery was about equally proficient regardless 
of grade group. In addition, at rhe classif icatory level reversals to 
the prediction occurred: The percentage of fourth graders attaining 
the concept, surpassed both the seventh and tenth grades in percentage 
of attainment. Only at the highest level of attainment did the data 
conform to the predicted progression: 14 percent of first graders, 53 
percent of fourth graders, 67 percent of seventh graders, and 95 per- 
cent of tenth graders mastered the cutting tool concept at the formal 
level . 

Chi-square tests were used to determine whether the proportions of 
individual grade groups passing each of the four levels of concept 
attainment differed significantly from the proportions of the combined 
grade groups passing each of the four levels. Not unexpectedly, only 
one Chi-square, at the formal level, achieved statistical significance 
(X2 = 100.11, df. = 3, ^ < .001). A Chi-square analog to ScheffS's 
theorem was used to discover where differences among grade groups in 
attainment of the formal level were significant at the .05 level. 
Results showed that formal level mastery differences were significant 
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between all grade pairs, except fourth and seventh. We must conclude, 
then, that the prediction regarding increased mastery of any given 
concept level with increasing grade group has not received unequivocal 
support although there is statistical corroboration at the formal level. 
Explanation for the lack of consistent evidence for the prediction un- 
doubtedly lies in the facility with which children of all grade groups 
mastered the cutting tool concept. That is, lack of evidence for 
progressive attainment of concept levels with increasing grade group 
reflects a "ceiling effect," such that most children from first to 
tenth grade have mastered the cutting tool concept to the classif icatory 
level. For example, 93 percent of even the very youngest children fully 
attained the concept at the classif icatoiy level; virtually no vari- 
ability occurred across grade groups in attainment of concrete and 
identity levels, and very little at the classif icatory level. The 
marginal evidence in support of prediction three must, of course, be 
interpreted within the context of the particular concept being assessed. 



RELATIONSHIP BETWEEN FULL ATTAINMENT OF VARIOUS LEVELS AND USES 

Predictions four and five deal with the relationship between level 
of concept attainment and use of the concept. The former specifies 
that individuals who have attained a concept only to the concrete or 
identity level may be able to use that concept in cognizing simple per- 
ceptual relationships among concepts and in solving problems of a per- 
ceptual kind, but that they will not be able to use the concept «.n under- 
standing supraordinate-subordinate relationships, understanding more 
complex principles, or in solving more complex problems. The fifth pre- 
diction is that concept uses will be- mastered by a larger percentage of 
children attaining the formal level, compared to those children whose 
highest level of attainment is classif icatory. 

The first half of Table 28 is relevant to the fourth prediction. 
(Tables 29 and 30 show these data separately for boys and girls. Pre- 
liminary Chi-square tests conducted at the .05 level of statistical 
significance revealed no sex differences among identity level attainers 
in mastery of uses.) No children passed concrete as their highest level 
of attainment. Eight children passed identity as their highest level 
and among these children two instances of mastery on uses subtests 
occurred (one supraordinate-subordinate and one problem solving) . The 
same child was responsible for these two instances of mastery of uses. 
Further detailed examination of the performance of this child showed 
that he just barely missed attainment at the classif icatory level. The 
criterion permitted one error; this child missed two items. Concept 
uses mastery by this identity level attainer thus is due to near-mastery 
at the classificatory level. 

Comparing performances of individuals attaining the classificatory 
level with th^ attaining the formal level permits an evaluation of 
the fifth prediction. The second half of Table 28 presents the relevant 
data. Chi-square tests, conducted at the .05 level of statistical sig- 
nificance, disclosed that among the classif icatoiry level attainers no 
sex differences existed in mastery of uses subtests. Among formal level 
attainers, however, one of the three Chi-squares was statistically sig- 
nificant indicating superior performance for girls. More formal level 
girls attained the supraordinate-subordinate subtest when compared to 
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formal level boys (x^ = 4,03, df. = 1). From Table 29, we find that of 
the 57 boys attaining the classif icatory level, 27 (47 percent) mastered 
supraordinate-subordinate; 1 (2 percent) mastered principles; and 22 (39 
percent) mastered problem solving. Of the 97 formal level attainers, 75 
percent mastered supraordinate-subordinate; 44 percent, principles? and 
85 percent problem solving. Table 30 reveals that of the 54 classifi- 
catory level girls, 31 (57 percent) mastered supraordinate-subordinate; 
5 (9 percent) mastered principles; and 26 (43 percent) mastered problem 
solving. Of the 94 formal level girls, 88 percent mastered supraordinate- 
subordinate; 54 percent, principles; and 78 percent, problem solving. 

Chi-square tests, run separately on data for boys and for girls, 
confirmed a significant overall advantage in attainment of uses (beyond 
the .001 level) for children performing at the formal level, compared to 
those performing at the classif icatory level. Results for boys were as 
follows: = 14.40, supraordinate-subordinate; 31.89, principles; 34.56, 

problem solving (df. = 1). Results for girls were as follows: x^ = 18.49, 
supraordinate-subordinate; 28.35, principles; 14.63, problem solving; (df. 
= 1). 

In summary, data obtained from the cutting tool assessment battery 
support both predictions addressed in this section: attainment at only 
concrete or identity levels restricts use of the concept; attainment at 
the formal level, compared to the classificatory level, renders strong 
advantage in using a concept. 



DIFFICULTY OF THE THREE USES 

The sixth prediction of the CLD model holds that performance on the 
uses subtests will improve as a function of increasing grade group. 
Table 31 presents the number and proportion of children at each grade 
who fully mastered each of the three concept uses: supraordinate- 
subordinate, principles, and problem solving. To determine if any statis- 
tically significant sex difference existed, preliminary Chi-sqiiare tests 
were conducted using Tables 32 and 33, which present data separately for 
boys and for girls. Two of the 15 Chi-squares were significant at the .05 
level: tenth-grade boys performed better than tenth-grade girls on the 
problem solving subtest (x^ = 4.82, dfj = 1) and at all grade groups com- 
bined, girls performed better than boys on the supraordinate-subordinate 
subtest (x^ = 4.24, df. = 1). Since only two sex differences were 
detected, subsequent analyses used the combined data in Table 31. 

In accord with the prediction, there was a consistent improvement in 
performance of each use subtest in isach higher grade. Chi-square tests 
were used to find the significance of the difference between the propor- 
tions of individual grade groups passing each of the three uses and the 
: roportions of the combined grade groups passing each of the three concept 
uses. The difference in the proportions of subjects attaining each of the 
uses was significant beyond the .001 level [x^ = 48.44, supraordinate- 
subordinate; 97.68, principles; 93.27, problem solving (d£. =3)]. A Chi- 
square analog to Scheff^'s theorem was performed between all pairs of 
grade groups to discover where the differences in performance on the uses 
subtests were significant at the .05 level. Statistically significant 
findings were as follows: on the supraordinate-subordinate subtest, per- 
formances of the fourth-, seventh-, and tenth-grade groups each superior 
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TABLE 31 

NUMBER AND PROPORTION OF EACH GRADE GROUP THAT FULLY 
MASTERED EACH OF THE THREE CONCEPT USES: ALL SUBJECTS 



Grade Supraordinate-Subordinate Principle Problem Solving 

1st (n=57) 

Number 20 0 7 

Proportion .35 ,00 .12 

4th (n=81) 

Number 54 58 

Proportion ,67 ,10 ,72 

7t.h (n=85) 

Number 68 32 67 

Proportion ,80 ,38 .79 

10th (n=87) 

Number 75 59 73 

Proportion ,86 ,68 ,84 

All Grades (N=310) 

Number 217 99 205 

Proportion ,70 ,32 ,66 



to that of the first graders; tenth graders were also superior to fourth 
graders in attainment on this subtest. On the principles subtest, all 
pair-wise comparisons were significant except that between first and 
fourth grades. On the problem solving subtest three of the six compari- 
sons were significant: the fourth-, seventh-, and tenth-grade groups each 
surpassed the first graders in meeting the criterion for full attainment. 

In summary, the data clearly support the prediction of increasing 
mastery of uses as grade group increases • 



ATIONSHIP BETWEEN VOCABULARY DEVELOPMENT AND ATTAINMENT OF CONCEPT 
. ELS AND USES 

The final section of this chapter is addressed to the last two pre- 
dictions regarding the relationship between vocabulary proficiency and 
attainment of levels and performance on the uses subtests. Vocabulary 
scores and scores based on the attainment of the four levels and three 
uses are predicted to show a positive correlation within grade groups. 
The same scores should also show a positive and higher correlation across 
combined grade groups. In order to compute correlation coefficients, the 
same scaling system was used for cutting tool as that described in Chapter 
III for equilateral triangle . 
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TABLE 32 



NUMBER AND PROPORTION OF BOYS AT EACH GRADE GROUP WHO FULLY 
MASTERED EACH OF THE THREE CONCEPT USES 



Grade 



Supraordinate-Subordinate Principle Problem Solving 



1st (n=33) 

Number 13 q 2 

Proportion .40 ,00 .06 
4th (n=50) 

Number 30 3 

Proportion .50 ^06 .74 
7th (n=34) 

Number 25 12 27 

Proportion ,74 ^35 

10th (n=42) 

Number 35 29 39 

Proportion ,83 ,69 .93 
All Grades (N=159) 

Number 103 44 105 

Proportion .65 .28 .66 



Table 34 presents means and standard deviations, based on the 
scaled scoring system, for levels, uses, combined levels and uses, and 
vocabulary scores at each grade group, for combined grade groups; and 
for all boys and all girls separately. Performance on the six-item 
vocabulary test of the cutting tool assessment battery indicates some 
slight improvement consistently occurred with increasing grade group. 
Data in Ta}?le 34 demonstrate consistent increasing c^ttainment on 
concept levels and combined levels and uses with increasing grade 
group- Mean scaled scores on concept uses show the same sort of 
pattern as that for vocabulary. These data, of course, parallel the 
findings already discussed in earlier sections. .Mean scores for boys 
and girls were very similar, with girls' scores slightly higher on 
every measure. 

Pearson product-moment correlations were calculated between scores 
on the vocabulary test and scores on (1) concept level, (2) concept 
uses, and (3) combined levels and uses. Correlations for each grade 
group, overall grade groups, and for all boys and all girls, are shown 
in Table 35. They were used to evaluate our final two predictions. 
No statistically significant differences were found between the three 
sets of correlations for boys and girls. Eight of the 12 correlations 
within grade groups were sufficiently high to achieve statistical 
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TABLE 33 

NUMBER AND PROPORTION OF GIRLS AT EACH GRADE GROUP WHO FULLY 
MASTERED EACH OF THE THREE CONCEPT USES 



Grade 



Supraordinate-Subordinate Principle Problem Solving 



1st (n=24) 
Number 
Proportion 

4th (n=31) 
Number 
Proportion 

7th (n=51) 
Number 
Proporti»'in 

10th (n=45) 
Number 
Proportion 

All Grades (N=151) 
Number 
Proportion 



7 

.29 

24 
.77 

43 

.84 

40 
.89 

114 
.7^ 



0 

.00 

5 

.17 

20 
.39 

30 
.67 

55 
.36 



5 
• 21 

21 
.68 

40 
.78 

34 
.76 

100 
. 66 



significance from zero at or beyond the .01 level. One additional 
correlation was significant at the .05 level. 

Correlations obtained for the total subject population were 
consistently greater in magnitude thcin those within grade groups, and 
all were statistically significant from zero at or beyond the .01 li?vel, 
as were correlations for boys and for girls. The correlation between 
vocabulary and overall performance in concept levels subtests was .55; 
vocabulary correlated .47 with overall performance on concept uses, and 
.57 with overall performance on levels and uses. In general, the pre- 
dicted relationship between vocabulary proficiency and concept attain- 
ment and use has been supported by these data. 
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TABLE 'iA 

MEANS AND STANDARD DEVIATIONS FOR COV^!^:c.^?ED CONCEPT LEVELS, CONCEPT USES, 
COMBINED LEVELS AND USES, AVM: \0CABULARY AT EACH GRADE GROUP 



Concept Con Levels 

Levels: U: and Uses: Vocabulary: 

( Maximum ( Ma : ( Ma ximum ( Maximum 







Score 


r 4) 


Scoi 




Score 


r 7) 


Score 


, 6) 




























S.D. ' 


^M 


S.D.^ 




S.D.^ 


^M 


S.D. 


1st 




' 02 


.58 


.47 


.60 


3.49 


.97 


3.60 


1.28 


4th 


81 


^.48 


.57 


1.48 


.79 


4.97 


1.10 


4«46 


-96 


7th 


8S 


3.58 


.56 


1.96 


.85 


5.54 


1.19 


4.68 


.74 


lOtn 


87 


3.91 


.29 


2.38 


.89 


6.29 


1.02 


4.92 


.31 


AIj. Grades 


310 


3.54 


.59 


1.68 


1.04 


5.22 


1.44 


4.49 


.96 


All Boys 


159 


3.:3 


.61 


1.60 


1.03 


5.13 


1.44 


4.41 


1.00 


All Girls 


151 


3.56 


.56 


1.77 


1.05 


5.32 


1.44 


4.58 


.91 
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TABLE 35 

PEARSON PRODUCT-MOMENT CORRELATIONS BETWEEN MEAN VOCABULARY SCORES AND MEAN SCORES 
ON CONCEPT LEVELS, CONCEPT USES, MID COMBINED LEVELS AND USES 



Grade Group N Foiir Concept Three Concept Combined Levels 

levels Uses and Uses 



1^ 



*_£ < .05 
**J < .01 



57 .42** .37** .48** 

.42** 



4th 81 .50** .22* 

h 85 .44** .40** 



10th 87 .04 ,11 

All Grades 310 .55** .47** 

All Boys 159 .5'** .44** 

All Girls 151 .53** .50** 
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.49** 

.11 

.57** 

.56** 

.57** 



RESULTS OF CLP ASSESSMENT SERIES III: NOUN 



OVERVIEW 

In this chapter the child population is briefly described. Specific 
criteria employed in the study for full attainment of each subtest of the 
noun battery are also reported. Results of the assessement as they per- 
tain to each of the specific predictions derived from the CLD model, 
comprise the major portion of the chapter. 



CHILD POPULATION 

Table 36 presents mean ages and age ranges of the 309 children vho 
participated in Assessment Series III. At each grade c,roj.p, data are 
presented separately for boys and girls, as well as for all children 
Number of children varied from 57 in the first-grade groap to 8V ir: 
the tenth-grade group. Mean ages and age range for boys c»;d girls 
within any single grade group varied little; age ran<je of chiidi'en 
within each grade varied from 13 months for fourth graders to 16 months 
for the seventh and tenth graders. 



CRITERIA FOR FULL ATTAINMENT 

Criteria for full attainment of each of the first three concept 
levels and the three concept uses followed the conventilcia of permitti'^c 
only one error within the items of any one subtest. These criteria are 
specified exactly in Table 37. At the formal level, the cxi*-ericn for 
attainment required correct responses on 20 of the 25 items r SO percent 
of the combined formal subtest items were required fcr ful 1 Ltastery. 

PROPORTION OF EACH GRADE GROUP CONFORMING TO THE PREDICTC^: i?iVAKl/\NT 
SEQUENCE 

In accord with the first prediction derived from the CLD r.;cxiel, 
the number of acceptabl pass/fail patterns for the four concept levels 
is limited to five. These five acceptable patterns of attain! a con- 
cept levels are presented in Table 38, along with the number and 
proportion of each grade group observed in each pattern. The la^L II 
rows of Tp.hle 38 list All possible patterns of attainment of the four 
concept levels that are not consistent with the CLD model. Insp ^tion 
shows that all except 5 of the 309 children who participated in the 
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TABLE 36 

MEMBER OF CHTLDREI^, MEAN AGE, AND AGE PANGE AT EACH GRADE GROUP 



Grade Numb*^ Mean Age Age Range 

(in years and montiis) (it- years and months) 



1 


Total 


57 


7- 


3 


6-8 


to 


7-10 




Boys 


33 


7- 


3 




to 


7-10 




Girls 


24 


7- 


3 


6-8 


to 


7- 8 


4 


Total 


80 


10- 


3 


9-8 


to 


10- 9 




Boys 


50 


10- 


3 


9-9 


to 


10- 9 




Girls 


30 


10- 


2 


9-8 


to 


10- 8 


7 


Total 


85 


13- 


2 


12-6 


to 


13-10 




Boys 


34 


13- 


3 


12-7 


to 


13-10 




Girls 


51 


13- 


2 


12-6 


to 


13-10 


10 


Total 


87 


16- 


0 


15-6 


to 


16-10 




Boys 


42 


16- 


C 


15-6 


to 


16-10 




Girls 


45 


16- 


0 


15-6 


to 


16-10 



assessment of noxan followed one of the five accen . le r atterns. 
Tables 39 and 40 present the same data for readers v;hc wish to inspect 
these results separately by sex. Percentages of boys and girls in 
each of the expected patterns are very comparable. No significant 
sex differences were observed in proportions following acceptable 
versus non-acceptable patterns. Table 38, combining data across sex, 
shows that 38 percent of all children were observed in the PPPF pattern, 
34 per :ent in PPFF, 21 percent in PPPP, 5 percent in PFFF, and 1 percent 
xn FFFF. Within grade groups, 100 percent of the first and the fourth 
graders, 99 percent of the seventh graiers, and 95 percent of the tenth 
^radc^'S' conformed to predicted patterns. 

Tab".e 41 presents frequencies of subjects to each non-conforming 
pat^:^^in and number of items correct at each concept level for which 
c:^iterion w3S not met. Examination of these protocols is useful for 
suggesting why these children deviated from the predicted invariant 
sequence of attainment, inspection of Table 41 shows that of the five 
children who attained the concept levels in the PPFP pattern of excep- 
tion, four just missed meeting the classificatory mastery criterion 
by passing six items when seven items were required. The other subject 
passed five c.r the required seven items. These few deviations are 
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TABLE 37 

NUMBER OF ITEMS AND CRITERIA DEFINING FULL ATTAINMENT 
FOR EACH CONCPJPT LEVEL AND USE 



Subtest 



Number, of 
Items 



Criteria for Full 
Attainment 



1. Concrete 

2. Identity 

3. Classif icatory 

4. Formal 

a. Di .crim. Attributes 

b. Labels 

c. Evaluating Defining Attributes 

d. Definition 

5. Principlti 

6. Problem Solving 

7. Supraordinate-Subordinate 



8 
8 
8 




7 correct 
7 correct 
7 correct 



20 items correct 
or approximately 
80% >f combined 
Formal items 



4 correct 
4 correct 
3 correct 



probably most reasonably explained as consequences of measurement error, 
strxngency of criterion, or both. 

PREDICTED SEQUENCE OF CONCEPT ATTAINMENT AND DIFFICULTY OF THE LEVELS 

The CLD hypothesis is that the sequence of attainment is invariant 
because each successively higher concept leval requires the use of one 
or more increasingly cumpl.^x cognit .a operations. As a consequence, 
the iteins and the tota.t subtest at each successive level are more diffi- 
ci t. It might be r.; lad that the invariant sequence of attainment is 
not a function of difficulty determined by increasingly complex cogni- 
tive operations at the successive concept levels, concrete through 
formal, but that it is simply a function of increasing te. - i am diffi- 
culty unrelated to the operations. In order to ensure that the number 
of subjects conforming and not conforming to the predicted sequence 
nf oT^ jnerely due incre -.ing difficulty of the successive subtests 
unrelated to the more complex operations, a statistical procedure 

t^rnrps^nt ^"^^P^^^^Ht difficulty level was applied to data from 
tne present assessment. 
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TABLE 38 

NUMBER AND PROPORTION OF FOUR GRADE GROUPS CONFORMING AND 
NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT 



Pass-Fail Sequence 


1st 


4th 


7th 


10th 


All Grades 




(n«57) 


(n=80) 


(n=85) 


(n=87) 


(N=309) 


FFFF 


3 


0 


0 


0 


3 




.05 


.00 


.00 


.00 


.01 


PFFF 


14 


0 


0 


0 


14 




.25 


.00 


.00 


.00 


.05 


PPFF 


40 


40 


17 


8 


105 




.70 


.50 


.20 


.09 


.34 


PPPF 


0 


34 


50 


32 


116 




.00 


.43 


.59 


.37 


.38 


PPPP 


0 


6 


17 


13 


66 


■ . 


.00 


.08 


.20 


. 49 


.21 


Subtotal Conforming 


57 


80 


84 


83 


304 




1.00- 


1.00 


.99 


.95 


.98 


FFFP 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


FFPF 

i 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


1 >.rrp 


0 


0 


0 


0 


0 


I 


.00 


.00 


.00 


.00 


.00 




0 


0 


0 


0 


0 


— 


.00 


.00 


»00 


.00 


.00 


FPFP 


0 


0 


0 


0 


0 





.00 


.00 


.00 


.00 


.00 


FPPF 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


FPPP 


0 


0 


0 


0 


0 





. jO 


.00 


.00 


.00 


.00 


PFFP 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PFP? 


0 


0 


0 


0 


0 




.00 


.00 


.00 




.00 


PFPP 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PPFP 


0 


0 


1 


4 


5 




.00 


.00 


.^1 


.05 


.02 


Subtotal Not Conforming 


0 


0 


1 


4 


5 




.00 


.00 


.01 


.05 


.02 
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TABLE 39 

NUMBER AND PROPORTION OF BOYS AT THE FOUR GRADE GROUPS CONFORMING 
AND NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT 



Pass-Fail Sequence 


1st 


4th 


7th 


10th 


All Grades 




(n=33) 


(n=50) 


(n=34) 


(n=42) 


(N=159) 


FFFF 


2 


0 


0 


0 


2 




.06 


.00 


.00 


.00 


.01 


PFFF 


10 


0 


0 


0 


10 




.30 


.00 


.00 


.00 


.06 


PPFF 


21 


35 


10 


3 


69 




.64 


.70 


.29 


.07 


.43 


r "'PF 


0 


13 


21 


20 


54 




.00 


.26 


.62 


.48 


.34 


PPPP 


0 


2 


3 


17 


22 




.00 


.04 


.09 


.40 


.14 


Subtotal Conformiiig 


33 


50 


34 


40 


157 




1.00 


,^ .00 


1.00 


.95 


.99 


FFFP 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


FFPF 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


FFPP 


0 


0 


0 


, 

0 


0 




.00 


• 00 


.00 


.00 


.00 


FPFF 


0 


0 


0 


0 


0 




a 00 


.00 


.00 


.00 


.00 


FPFP 


0 


0 


0 


0 


0 




.00 


• 00 


.00 


.00 


.00 


FPPF 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


FTPP 


- — I 

0 


0 


0 


o 


0 


I 


.00 


.00 


.00 


•00 i 


,00 


1 jT-FFP 


0 


0 


0 


i 

0 


0 




.00 


.00 


.00 


.00 


,00 


PFPF 


0 


0 


0 


0 


0 




.00 


oOO 


.00 


.00 


.00 


PFPP 


0 


0 


0 


0 


0 




.00 




.00 


.00 


.00 


PPFP 


0 




0 


2 


2 




.00 


.00 


.00 I 


.05 


.01 


Subtotal Not Conforming j 


0 


0 


. - '1 

0 


2 


2 




.00 


.00 




.05 


.01 
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TABLE 40 

NUMBER AND PROPORTION OF GIRLS AT THE FOUR GRADE GPOL?S CONFORMING 
AND NOT CONFORMING TO PREDICTED SEQUENCE OF ATT/.INMENT 



*^ ^> - ^ M 1 ^ % ^ 

rass'-raii bequence 


1st 


4th 


7th 


10th 


All Grades 




(n=24) 


(n=30) 


(n=51) 


(n=45) 


(N=150) 


r r r r 


1 


0 


0 


0 


1 




.04 


.00 


.00 


.00 


.01 


T3 L' E' I.' 


4 


0 


0 


0 


4 




.17 


.00 


.00 


.00 


.03 




19 


5 


7 


5 


36 




.79 


.17 


.14 


.11 


.24 




0 


21 


29 


12 


62 




• 00 


.70 


.57 


.27 


.41 


DDDD 

iriririr 


0 


4 


14 


26 


44 




.00 


. 13 


.27 


.58 


.29 


ouDuoudi L.onro2riTu.ncf 


24 


30 


50 


43 


147 




1*00 


1 .00 


.98 


.96 


.98 


r r r f 


0 


0 


0 




0 




• 00 


.00 


.00 


.00 


.00 


FFPF 


u 


0 


0 


0 


0 




.00 


.00 




.00 


.00 


r r IT IT 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


FPFF 


vJ 


0 


0 


0 


0 




.00 


.00 


.ou 


«00 


.00 




0 


0 


0 


0 


0 




«00 


.00 


• 00 


.00 


.00 


FPPF 


0 


0 




0 


0 




• 00 


.on 


«00 


• 00 


.00 


FPPP 


0 


0 


0 


0 


0 




.00 


.00 


.00 




nn 


PFFP 


0 


0 


0 


0 


r 




.00 


.00 


.00 


.00 


.00 


PFPF 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PFPP 


0 


0 


0 


q 


0 




.00 


.00 


.00 


.00 


.00 


PPFP 


0 


0 


1 


2 


3 




«00 


.00 


.02 


.04 


.02 


Siabtotal Not Conforming 


0 


0 


1 


2 


3 




.00 


.00 


.02 


.04 


.02 
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TABLE 41 



FREQUENCIES OF SUBJECTS ACCORDING TO PATTERN OF EXCEPTION 
AND ITEMS CORRECT AT EACH CONCEPT LEVEL NOT ATTAINED 



N 



Pattern of Exception 



Niamber of Items Correct 
on Classificatory Subtest 
(7 required) 



0 



1 



2 



3 



4 



5 



6 



5 



PPFP 



1 



Computations were performed using the overall gxr:de jroup propor- 
tions passing and failing each of the four subtests so that a wide range 
of conceptual attainment would be obtained. These computations yielded 
expected numbers of subjects following each of the 16 possible patterns 
of attainment (5 acceptable, 11 unacceptable to the model). It was 
noted that fewer than five subjects wer^ expected to follow each of 11 
of th-^ 16 patterns. To meet the requireiiients of the Chi-square test, 
patterns were combined so that the minimum eKpected number of subjects 
in each cell would approximate five. Seven patterns and combinations 
of patterns resulted and were used for the test. A Chi-square goodness- 
of-fit test was used tc determine whether the obtained number of subjects 
who followed these patterns differed significantly from the niamber of 
subjects expected to follow these patterns. The resulting Chi-squ^.re 
provided convincing evidence that the number of subjects following and 
not following acceptable f?Htterns w"^^ not a function of incr'^asing 
c ^flculty of test items unrelated to the operations (x^ ^- 66.41, p < 
.001, df , = 2) . " 



PROPORTION OF GRADE GROUPS ATTAINING THE FOUR LEVELS 

This .ection will evaluate evidence for predictions two and three — 
closely related predictions which involve the predicted invariant 
sequence of concept attainment. Within a given grade group the percent- 
age of children passing each successive level of attainment will decrease, 
according to prediction two; percentage of children passing any given 
l-^vel will increase as a function of increasing grade group, according to 
prediction three. Pertinent data appear in Table 42. 
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TABLE 42 

NUMBER AND PROPORTION OF EACH GRADE GROUP THAT FULLY 
MASTERED EACH LEVEL OF ATTAINMENT: ALL SUBJECTS 



G^^^® Concrete Identity Classif icatory Formal 



0 
• 00 



iLt (n=57) 

Number 54 40 0 

Proportion .95 .70 .00 

4th (n=80) 

Number 80 30 40 6 

Proportion 1,00 1.00 .50 .08 
7th (n=85) 

Nujnber 85 85 67 18 

Proportion 1.00 1.00 ,79 .21 

10th (n=87) 

Number 87 87 75 47 

Proportion 1.00 1.00 .86 .54 

All Grades (N=309) 

Number 306 292 182 71 

Proportion .99 ,95 ^59 



Data in Tables 43 and 44, presenting data separately by sex, were 
examined initially to determine if differences existed in frequencies 
of boys and girls mastering each concept level. Chi-square tests per- 
formed at the .05 level revealed four statistically significant differ- 
ences within grade groups and all grades combined. In the f oiorth-grade 
group (x^ = 21.33, df. = 1) and for all grade c oups ccanbined (x^ = 16,67, 
df . = 1) more girls attained the classif icatory level. Also, in the 
seventh grade (x^ = ^^.18, df. = 1) and for combined grades (x^ = 11-50, 
df , = 1) , more girls attained the formal level. Due to the sex differences 
found in the data, the ^^^erforiMnncGS of boys and girls will be treated 
separately in this section. Table 43 presents the niamber and proportion 
of boys at each grade group and all boys who fully mastered each 
concept level. At any single grade group, and in accord with the first 
prediction of concern in the present section, the row entries indicate a 
consistent decrease in percentage of boys passing the successive levels 
of concept attainment. At the fourth-, seventh-, and tenth-grade groups 
it is noted that 100 percent of the boys attained both concrete and 
identity levels- For all grades combined, decrease in attainment of 
levels was marked: concrete, 99 percent; identity, 92 percent; classifi- 
catory, 48 percent; formal, 15 percent. 
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TABLE 43 

NUMBER AND PROPORTION OF BOYS AT EACH GRADE GROUP 
WHO FULLY MASTERED EACH LEVEL OF ATTAINMENT 



Concrete Identity Classif icatory 



1st (n=33) 



31 21 0 



Number 34 

Proportion 1.00 

10th (n=42) 

Number 42 

Proportion 1.00 

All Grades (N=159) 

Number 2.57 



Formal 



0 



proportion .94 .64 .00 .00 

4th (n=50) 

Number 50 50 



15 2 



Proportion l.OO l.oo .30 .04 

7th (n=34) 



34 24 3 

l-OO .71 ^09 

42 37 19 

1*00 .88 .45 

147 76 24 



Proportion ,99 .93 



Table 44 presents the relevant data for girls. At the fourth, 
seventh, and tenth grades it is noted that 100 percent of the girls 
attained both the concrete and identity levels, fo. all grades com- 
bined, decrease in attainment was as follows: concrete, 99 percent; 
Identity, 97 percent; classif icatory , 71 percent; formal, 32 percent. 

Cochran Q tests were used to discover if the proportions of boys 
fully attaining the four concept levels differed significantly within 
each of the four grade groups. Significance of the differences among 
the proportions for each of the four grade groups was well beyond the 
.001 level [Q = 76.42, first grade; 121.12, fourth grade; 74.65, 
seventh grade; 55.08« tenth grade (df. =3)], McNemar tests tvcre run 
at the .05 level of statistical significance to determine where 
specific differences in attainment c iq the four levels occurred in 
each of the four grade groups. Six comparisons were possible: con- 
crete with (1) identity, (2) classific ,tory, and (3) formal; identity 
with (4) classified cory and (5) formal; finally, classificatory with 
(6) formal. For first-grade coy.-, five of the six possible comparisons 
differed significantly. The only comparison that was not statistically 
significant was classificatory with formal. For the fourth- and seventh- 
grade boys, five of the six comparisons differed significantly, th- 
exception being the concrete with identity comparison at each of these 
grade groups. For the tenth-grade boys, comparisons of concrete, 

94 
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TABLE 44 

NUMBER AND PROPORTION OF GIRLS AT EACH GRADE GROUP 
WHO FULLY MASTERED EACH LEVEL OF ATTAINMENT 



Grade Concrete Identity Classif icatory Formal 
1st (n=24) 

Number 23 19 0 0 

Proportion ,96 .79 ,00 ,00 

4th (n=30) 

Number 30 30 25 4 

Proportion i.OO 1.00 ,83 .13 

7th (n=51) 

Number 51 51 43 15 

Proportion 1,00 1.00 .84 ,29 

10th (n=45) 

Number 45 45 38 28 

Proportion 1,00 1.00 .84 .62 

All Grades (N=150) 

Number 149 145 106 47 

Proportion ,99 .97 .71 .32 



identity, and classif icatory with formal differed significcintly. In all 
of the statistically significant comparisons at each grade group, fewer 
boys passed the higher ccacept level. 

Cochran Q tests showed significant differences among the proportions 
of girls for each of the grade groups well beyond the -001 level iQ = 58.57, 
firs - grade; 66.61, fourth grade; 89.08, seventh grade; and 37.55, ^. enth 
grade (df . = 3) ] . McNemar tests showed at the first-grade girl g.coup four 
of the six comparisons differed significantly. The comparisons that were 
not statistically significant were concrete with identity and classifi- 
catory with formal. At the fourth-grade group for girls three comparisons 
were significant as follows: each concrete, iJentity, and clas. /.f icatory 
with formal. At the seventh-grade group for girls all comparisons except 
concrete with identity were significant. Significant comparisons of 
formal with each other level occurred at the tenth-grade girl group. In 
all of the statistically significant comparisons, fewer girls passed the 
higher concept level. 

Information in the columns of Tables 43 and 44 enables us to deter- 
mine whether or not the percentage of children passing any given concept 
level increased as a function of increasing grade group. Examination of 
Table 43 shows that there was an increase in percentage of boys attaining 
that level a3 grade group increased. Exceptions occurred o.,^/ at the 
concrete and identity levels, where all boys of the three highest grade 
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groups attained the level. Table 44 shows an increase in percentage of 
gxris attaining the levels as grade group increased. Exceptions occurred 
again only at: the concrete and identity levels, where all girls of the 
three highert grades attained the level, and at the classif icatory level, 
where seventh and tenth graders demonstrated equal success. 

Chi-square tests were used to determine if the proportions of indi- 
vidual grade groups passing each of the four levels of concept attainment 
differed significantly from the proportions of the combined grade groups 
passing each of the four levels. The differences in proportions of boys 
attaining the identity, classif icatory, ana formal levels were signifi- 
cant well beyond the .001 level [x^ = 49.56, identity; 70.98, classi- 
ficatory; 41.49, formal (df. =3)]. The differences in proportions of 
girls attaining the identity, classif icatory , and formal levels were 
also significant beyond the .001 level [x^ = 27.16, identity; 68.84, 
classificatory; 35. 5i, formal (df. =3)]. A Chi-square analog to 
Scheffg's theorem -/.as performed to determine where differences between 
grade groups in .ittaii..,.ent of each of the four levels wore significant 
at the ,05 levr Significant differences for boys were as follows: 
at the ident-i- ' th- classificatory levels, fourth, seventh, and 
tenth grader; irpassed attainment of first graders. A+- the 

classif icato- ^, in addition, seventh and tenth graders each sur- 

passed atta.'nr jf th'- fourth-grade group. At the formal level, 
performanc e c.f ! (^ath-yrade boys was superior to that cf each of 

the three ;cv:..r qrade groups. Significant differences for girls were 
as follows: at the identity and the classificatory levels, fourth, 
seventh, c- ' ,nth graders each surpassed attainment of the first 
graders, h the formal level, performance of the seventh-grade girls 
was supei . • to that of the first-grade girls, and performance of the 
uenth-grdae girls was superior to that of each of the thrae lower grade 
groups. Thus, as grade group increased, significantly larger numbers of 
children attained each concept level. 

As assessed by these data, predictions two and three, which deal 
with difficulty of the successive concept levels, have been supported. 

RELATIONSHIP BETWEEN FULL ATTAINMENT OF VARIOUS LEVELS AND USES 

The fourth prediction derived from the CLD model states that 
children who attain a concept to only the concrete or identity levels 
will be able to use that concept only in understanding simple perceptual 
relations with other object concepts and in solving simple perceptual 
problems . 

From Table 45 it can be observed that of the 14 children whose 
Highest level of attainment was concrete, none passed a uses subtest. 
Of the 105 ciiildren whose highest level of attainment was identity, 
thert were six instances of mastery of uses: one supraordinate- 
subordinate; one principles; and four problem solving. Preliminary 
Chi-square tests revealed no sex differences in identity le^el 
attainers' performance on uses sul^teats; data for boys and for girls 
are prese:ited separately in Tables 46 and 47. We may conclude that 
the fourth prediction is supported by data presented in Table 45: 
attainment of a concept to the first two levels of mastery severely 
limits success in using a concept. 
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The fifth prediction derived from the CLD model holds that a 
higher proportion of children who attained at the formal level, in 
comparison to the classificatory , will master the three concept uses. 
The second half of Table 45 summarizes the relevant data. Data in 
Tables 46 and 47 were used to determine if any statistically signif- 
icant sex differences existed, at the .05 level, in classif icatory 
level attainers* mastery of uses and in formal level attainers* 
mastery of uses. None were found. 

Table 45 shows that a total of 116 children mastered the classi- 
ficatory level as their highest level of attainment and 71 mastered 
the foiinal level. Comparisons between children attaining at these two 
levels, as it influenced success in mastery of uses, is critical to a\i 
evaluation of the fifth prediction. 

Of the classif icatory attainers, 13 percent mastered the supra- 
ordinate-subordinate subtest; 8 percent, principles; and 26 percent, 
problem solving. In contrast, of the formal level attainers, 70 per- 
cent mastered the supraordinare- subordinate subtest; 58 percent, 
principles; and 70 percent, problem solving. Chi-square tests statisti- 
cally confirmed a significant overall advantage, well beyond the .001 
level, in performance on the uses subtests for children attaining at 
the formal level, compared to those whose highest level of mastery was 
classificatory [x^ = 64.19, supraordinate- subordinate ; 56.18, principles; 
35.73, problem solving ( df . = 1)]. 

Both of the predicitions under review in this section received 
strong support from descriptive and statistical evaluation. Use of the 
noun concept was limited if the concej was mastered at concrete or 
identity levels only. Use of the cone was greatly facilitated by 
attainment of noun at the formal level, comparison to attainment at 
the classificatory level, 

DIFFICULTY OF THE THREE USES 

In this section focus will be on whether or not children's perfor- 
mance on the uses of the noun concept improved as grade group increased. 
Data used to address this sixth prediction are presented in Tables 49 
and 50 which summarize the number and proportion of boys and girls at 
each grade group that fully mastered each of the three concept uses: 
supraordinate-subordinate, principles, and problem solving. Table 48 
presents these data for combined sex. Chi-square tests, performed at 
the .05 level of statistical significance, revealed superior female 
performances for all grade groups combined [x^ = 7.65, supraordinate, 
subordinate; 4.93, principles; 11.44, problem solving ( df . =1)]. In 
addition, at the seventh-grade group, the girls' performances were 
superior to those of the boys on the problem solving subtest [x^ =6.17 
(df. =1)]. 

Supportive of the prediction, data for boys, presented in Table 49, 
indicate a gradual improvement in mastery of each use as grade group 
increased. On the problem solving subtest, for example, no first graders, 
12 percent of the fourth-grade group, 21 percent of the seventh-grade 
group, and 40 percent of the tenth-grade group fully attained this concept 
use. For the total population of boys, 15 percent attained supraordinate- 
subordinate; 12 percent, principles; 19 percent, problem solving. 
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TABLE 48 

NUMBER AND PROPORTION OF EACH GRADE GROUP THAT FULLY 
MASTERED EACH C THE THREE CONCEPT USES 



Supraordinate-Subordinate Principle Problem Solving 



1st (n=57) 








Number 


0 


0 


0 


Proportion 


.00 


.00 


• 00 


4th (n=80) 








Number 


6 


3 


10 


Proportion 


• 08 


.04 


.13 


7th (n=85) 








Number 


13 


17 


31 


Proportion 


.15 


.20 


.36 


10th (n=87) 








Number 


47 


31 


43 


Proportion 


• 54 


.36 


.49 


All Grades (N=309) 








Number 


66 


51 


84 


Proportion 


.21 


.17 


.27 



Chi-square tests were used to ascertain statistically significant 
differences between the proportions of boys of individual grade groups 
passing each of the three uses and the proportion of the boys of com- 
bined grade groups passing each of the three uses. The difference in 
proportions of boys attaining each of the uses was significant well 
beyond the .001 level [x^ = 41,49, supraordinate-subordinate; 21,26, 
principles; 22.09, problem solving ( df . =3)]. A Chi-square analog to 
Scheff^'s theorem was performed between all pairs of grade groups to 
determine where the differences in each of the uses were significant 
at the .05 level. Results showed that for each of the uses, perfor- 
mance of the tenth-grade group was superior to that of the first-grade 
group. In ariition, on the supraordinate-subordinate and principles 
subtests, a larger number of tenth-grade boys fully mastered this use 
than the fourth-grade boys. Results also showed performance of the 
tenth-grade boys to be superior to the seventh-grade boys on the 
supraordinate-subordinate subtest. Thus, with increasing grade group, 
there is statistical evidence for increasing success on uses attainment 
and we conclude that the sixth prediction has received strong support 
from the data for boys. 

Data for girls as shown in Table 50 also show an improvement in 
mastery of each use as grade group increased. On the principle subtest, 
for example, no first graders, 7 percent of the fourth-grade group, 22 
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TABLE 49 

NUMBER AND PROPORTION OF BOYS AT EACH GRADE GROUP WHO FULLY 
MASTERED EACH OF Tf^E THREE CONCEPT USES 



Grade Supraordinate-Subordinate Principle Problem Solving 



1st (n=33) 








Number 


0 


0 


0 


Proportion 


.00 


.00 


• 00 


4th (n=50) 








Number 


2 


1 


6 


Proportion 


.04 


.02 


.12 


7th (n=34) 








Number 


3 


6 


7 


Proportion 


.09 


.18 


.21 


10th (n=42) 








Number 


19 


12 


17 


Proportion 


.45 


.29 


.40 


All Grades (N=159) 








Number 


24 


19 


30 


Proportion 


.15 


.12 


• 19 



percent of the seventh-grade group, and 42 percent of the tenth-grade 
group. For the total populatio:i of girls, 28 percent attained supra- 
ordinate-subordinate; 21 percent, principle; 36 percent, problem 
solving, 

Chi-square tests were run to ascertain statistically significant 
differences between the proportions of girls of individual grade groups 
passing each of the three uses and the proportion of the girls of com- 
bined grade groups passing each of the three uses. The differences in 
proportions were significant well beyond the .001 level [x^ = 40.46, 
supraordinate-subordinate; 22.06, principles; 32.16, problem solving 

=3)]. A Chi-square analog to Scheffd's theorem performed at the 
.05 level of significance showed that for each Of the uses, performance 
of the tenth-grade girls was superior to that of the first- and fourth- 
grade girls. In addition, on the supraordinate-subordinate subtest a 
larger number of tenth-grade girls fully mastered this use than the 
seventh-grade girls. Results also showed performance of the seventli- 
grade girls to be superior to each of the groups of girls at the lower 
two grades on the problem solving subtest. In siommary, statistical 
analysis of the data on uses for girls provides support for the pre- 
diction that the proportion of children of successively higher grade 
groups who master each concept use will increase. 
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TABLE 50 

NUMBER AND PROPORTION OF GIRLS AT EACH GRADE GROUP WHO FULLY 
MASTERED EACH OF THE THREE CONCEPT USES 





Grade 


Supraordinate-Subordinate 


Principle 


Problem Solving 










Mumber 


0 


0 


0 


Proportion 


,00 


.00 


.00 


4th (n=30) 








Nioinber 


4 


2 


4 


Proportion 


• 13 


.07 


.13 


7th (n=51) 








Niomber 


10 


11 


24 


Proportion 


.20 


.22 


.47 


10th (n=45) 








Niomber 


28 


19 


26 


Proportion 


.62 


.42 


.58 


All Grades (N=150) 








Niomber 


42 


32 


54 


Proportion 


.28 


.21 


.36 



RELATIONSHIP BETWlEN VOCABULARY DEVELOPMLii. AND ATTAIfJMENT OF CONCEPT 
LEVELS AND USES 

The final section of the present chapter is concerned with the last 
two of our eight predictions. According to prediction seven, having the 
verbal labels for the concept and its attri'JUtv<5S should correlate posi- 
tively with attainment of levels and perfomance on usos subtests within 
grade groups. Prediction eight holds that e^cross combined grade groups, 
vocabular]^ scores and attainment on levels and uses should show an even 
higher positive correlation. In order to compute correlation coefficients, 
the same scaling system was used for noun as that described in Chapter III. 

Table 51 presents means and standard deviations, based on the scaled 
scoring system, for levels, uses, combined levels and uses ( a measure 
of overall task performance), and vocaiyulary scores at each grade group 
and for combined grade groups. In addition, the same scores are shown j.c>r 
all boys and all girls, separately. The mean scores for boys and for 
girls, though similar, show a slight superiority in girls' performance. 
The predicted improvement in concept attainment and use with increasing 
grade group is, of course, evident in these mean scaled scores as it was 
in data based on proportions. Mean vocabulary scores steadily improved 
with increasing (,rade group. 
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TABLE 51 



MEANS AND STANDARD DEVIATIONS FOR COMBINED CONCEPT LEVELS, CONCEPT USES, 
COMBINED LEVELS AND USES, AND VOCABULARY AT EACH GRADE GROUP 



Grade 


N 


Concept 
Levels : 
(Maximiom 
Score, 4) 


Concept 
Uses : 
(Maximvun 
Score, 3) 


Levels 
and Uses: 
(Maximvun 
Score, 7) 


Vocabulary: 
(Maximum 
Score, 14) 




























S.D.^ 


^M 


S.D.^ 




S.D.^ 


^M 


S.D,^ 


1st 


o / 


1.G5 


.58 


.00 


.00 


1.65 


«58 


.00 


.00 


4th 


80 


2.58 


.63 


.24 


.66 


2.81 


1.11 


3.98 


2.35 


7th 


85 


3.00 


.64 


.72 


1.00 


3.72 


1.46 


5.28 


2.02 


10th 


87 


3.40 


.66 


1.39 


1.10 


4.79 


1.62 


6.52 


2.16 


All Grades 


309 


2.75 


.87 


.65 


1.00 


3.40 


1.71 


4.30 


2.99 


All Boys 


160 


2.54 


.85 


.46 


.87 


2.99 


1.56 


3.80 


2.97 


All Girls 


149 


2.99 


.84 


.86 


1.09 


3.85 


1.76 


4,87 


2.92 



Pearson product-moment correlations (r) were then calculated in 
order to determine the relationship between vocabulary comprehension 
a«d task performance. Table 52 presents the correlations between 
scores on the vocabulary test and scores on (1) concept level, (2) 
concept uses, and (3) conibined levels and uses for each grade group, 
nil grades combined, and i>eparately for all boys and all girls. 

Tejts for any statistical significance, at the .05 level, between 
the correlations for boys and girls on each of the three performcince 
measures revealed no sex dif fere: .ces. The zero order correlations at 
the lowest grade group reflect a limited range of performance. From 
Table 51 it can be seen that range of attainment on concept levels was 
smell, S-aw or no uses were mastered r and no vocabulary items were 
passed. Fourth-, seventh-, and centh-grade groups, by contrast, showed 
increasing competence with verbal labels and a wider range of perfor- 
mance on concept attainment and uses. Correlations for these grade 
groups indicate a positive and substantial relationship between test 
performance and vocabulary scores. All correlations for fourth-, 
seventh-, and tenth-grade groups were statistically significant 
from zero (p < .01) . 

Correlations for all grades combined were very high, as were 
correlations for total boys and total girls. The correlation between 
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TABLE 52 

PEARSON PRODUCT-MOMENT CORRELATIONS BETWEEN MEAN VOCABULARY SCORES AND MEA14 SCORES 
ON CONCEPT LEVELS, CONCEPT USES, AND COMBINED LEVELS AND USES 



Grade Group 


N 


Four Concept 
Levels 


ThiTPP Ponnpnt* 

A A 1 ^ ^ V ^ 11 Vi> w 

Uses 


and Uses 


1st 


57 


.00 


• 00 


• 00 


4 th 


80 


• 49* 


• 57* 


.61* 


7th 


85 


• 63* 


• 57* 


• 66* 


10th 


87 


• 65* 


• 60* 


• 67* 


All Grades 


309 


• 78* 


• 66* 


• 78* 


All Boys 


160 


• 76* 


• 66* 


• 78* 


All Girls 


149 


• 78* 


• 65* 


• 77* 



*p < •Ol 



overall performance on concept levels and vocabulary, was .78; between 
concept uses and vocabulary, .66; and between combined levels and uses 
and vocabulary, .78. Each of these three correlations was statistically 
significant from zero < .01), as were the correlations for boys and 
girls. We conclude that there is a strong and positive relationship 
between vocabulary proficiency and concept attainment and use, as specified 
in our two final predictions^ 
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VI 

RESULTS OF CLP ASSESSMENT SERIES IV: TREE 



OVERVIEW 

A brief description of the child population is followed by a 
report of the subtests used in the assessment series and the criteria 
e.'nployed for full attainment. Results of the assessment, as they 
bear on the eight specific predictions of the CLD model, are reported 
in the remainder of the chapter. 

CHILD POPULATION 

Three hundred and thirteen children participated in Assessment 
Series IV. Table 53 presents mean ages and age ranges for all subjects 
and for boys and girls separately at each of four grade groups. Fifty- 
seven first graders, 82 fourth graders, 87 seventh graders, and 88 
tenth graders participated in assessment of the tree concept. Within 
each grade group roughly the same numbers of boys and girls were repre- 
sented. Mean ages and age range for boys and girls within grade groups 
are also given in Table 53. Age ranges varied from 13 months in the 
fourth-grade group to 16 months in the seventh- and the tenth-grade 
groups. 



CRITERIA FOR FULL ATTAINMENT 

Criteria established for full attainment of each of the first three 
concept levels and three uses, as shown in Tablo 54, followed the conven- 
tion described in earlier chapters — only one error was permitted within 
the items of any one siabtest. At the formal level the criterion for 
mastery required correct responses on 28 of the total 35 items; i.e., 
about 80 percent of the combined formal subtest items were required for 
mastery. 



PROPORTION OF EACH GRADE GROUP CONFORMING TO THE PREDICTED INVARIANT 
SEQUENCE 

The first prediction derived from the CLD model states that all 
children of all grade groups will conform to five acceptable patterns 
of mastery of the four concept levels. Table 55 presents, for each 
grade group and for all grades combined, the niomber and proportion of 
children who attained the successive levels in accordance with the 
five patterns predicted by the model. There are also 11 patterns of 



106 

89 



TABLE 53 



NUMBER OF CHILDREN, MEAN AGE, AND AGS RANGE AT EACH GRADE GROUP 





Grade 


Niomber 


Mean Age 


Age Range 








(in years and months) 


(in years and months) 


1 


Total 


57 


6-10 


6-3 


to 


7-5 




Boys 


33 


6-10 


6-3 


to 


7-5 




Girls 


24 


6-10 


6-3 


to 


7-3 


4 


Total 


82 


9-10 


9-3 


to 


10-4 




Boys 


51 


9-10 


9-4 


to 


10-4 




Girls 


31 


9- 9 


9-3 


to 


10-3 


7 


Total 


87 


12- 9 


12-1 


to 


13-5 




Boys 


36 


12-10 


12-2 


to 


13-5 




Girls 


51 


12- 9 


12-1 


to 


13-5 


10 


Total 


87 


15- 7 


15-1 


to 


16-5 




Boys 


42 


15- 7 


15-1 


to 


16-5 




Girls 


45 


15- 7 


15-1 


to 


16-5 



exception, or attainment sequences that are not acceptable to the iradel; 
the number and proportion of each grade group falling into unacceptable 
patterns are presented in the bottom half of Table 55, Tables 56 and 57 
show the same data separately for boys and for girls. Chi-square tests, 
performed at the ,05 level of statistical significance, revealed no sex 
differences in the subtotals of children, within grade groups or for all 
grade groups combined, in conformity to the five combined predicted 
patterns. The remainder of this section will^ therefore, focus on 
Table 55, combining data across sex. 

Inspection of the first five rows cl Table 55 shows that two first 
graders failed all four levels and three passed the concrete level only. 
Across all grade groups, 38 children (12 percent) passed the first two 
levels and failed the last two. The majority of children displayed 
either the PPPF pattern (39 percent) or the PPPP pattern (39 percent). 
In all, 91 percent of the child population, or 285 of the total 313 
subjects, conformed to an attainment sequence predicted by the CLD model. 
Examination of the subtotals within grade groups shows that conformity 
to predicted patterns was uniformly high at first, fourth, seventh, and 
tenth grades. 




TABLE 54 



NUMBER OF ITEMS AND CRITERIA DEFINING FULL ATTAINMENT 
FOR EACH CONCEPT LEVEL AND USE 



Subtest 



Number of 
Items 



1 . Concrete 

2. Identity 

3. Classificatory 

4. Formal 

a. Discrim. Attributes 

b. Labels 

c. Evaluating Defining Attributes 

d. Definition 

5. Principle 

6. Problem Solving 

7 . Supraordinate-Subordinate 



7 
7 
8 



10 
14 
10 

1 J 
10 pairs 

10 

4 pairs 



Criteria for Full 
Attainment 



6 correct 

6 correct 

7 correct 



28 items correct 
or approximately 
80% of combined 
Forma] items 

8 correct 
8 correct 
3 correct 



Nine percent (28 children) of the total child population displayed 
non-conforming patterns. Of the 11 possible patterns of exception, b 
were observed: two children failed all levels except classificatory; 
seven children failed concrete but passed identity and classificatory; 
one child passed all levels except concrete; three children passed con- 
crete, failed identity, and went on to attain classificatory; three 
children passed all levels except identity; and twelve children passed 
all levels except classificatory. Non-conformity was observed in all 
grades, but most deviation occurred in the first-, seventh-, and fourth- 
grade groups. 

The fact that 91 percent of the total child population conformed 
to the predicted invariant sequence of attainment provides strong 
support for the major proposition and first prediction derived from 
the CLD model. 

Table 58 presents frequencies of subjects according to each pattern 
of exception and number of items correct at each concept level for which 
criterion was not met. Examination of these protocols may suggest why 
these children deviated from the predicted invariant sequence of attain- 
ment. Inspection of Table 58 shows that two children attained the 
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TABLE 55 

NUMBER AND PROPORTION OF FOUR GRADE GROUPS CONFORMING AND 
NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT 





Pass— Fail Sequence 


1st 


4th 


7th* 


10th 


All Grades 




(n«57) 


(n=81) 


(n=87) 


(n=88) 


(N=313) 


FFFF 


2 


Q 


Q 


0 






.04 


.00 


.00 


.00 


.01 


PFFF 


3 


0 


0 


0 


3 




.05 


.00 


.00 


.00 


.01 


PPFF 


16 


11 


7 


4 


38 




.28 


.14 


.08 


.05 


.12 


PPPF 


29 


51 


33 


8 


121 




.51 


.63 


.38 


.09 


.39 


PPPP 


0 


12 


38 


71 


121 




.00 


.15 


.44 


.81 


.39 


Subtiotial Conforming 


50 


74 


78 


83 


285 




.88 


.91 


.90 


.94 


.91 


FFFP 


0 


0 


0 


0 


Q 




.00 


«00 


.00 


.00 


.00 


FFPF 


0 


2 


0 


0 


2 




.00 


.02 


.00 


.00 


.01 


FFPP 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


FPFF 


0 


0 


0 


0 


Q 




.00 


.00 


.00 


.00 


.00 


PPPP 


0 


0 


Q 


Q 


n 




.00 


.00 


.00 


.00 


.00 


FPPF 


5 


1 


Q 


n 


7 




.11 


.01 


.00 


.00 


.02 


FPPP 


0 


1 


0 


0 


1 




.00 


.01 


.00 


.00 


.00 


PPPP 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PPPP 


1 


2 


0 


0 


3 




.02 


.02 


.00 


.00 


.01 


PPPP 


0 


0 


2 


1 


3 




.00 


.00 


.02 


.01 


.01 


PPFP 


0 


1 


7 


4 


12 




.00 


.01 


.08 


.05 


.04 


Subtotal Not Conforming 


7 


7 


9 


5 


28 




.12 


.09 


.10 


.06 


.09 




93 



TABLE 56 

NUMBER AND PROPORTION OF BOYS AT THE FOUR GRADE GROUPS CONFORMING 
AND NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT 





Pass-Fail Sequence 


1st 


4th 


7th 


10th 


All Grades 




(n«33) 


(n=50) 


(n=36) 


(n=43) 


(N=162) 


FFFF 


1 


0 


0 


0 


1 




.03 


.00 


.00 


.00 


.01 


PFFF 


2 


0 


0 


0 


2 




,06 


.00 


.00 


.00 


01 


PPFF 


9 


7 


5 


3 


24 




.27 


.14 


.14 


.07 


. 15 


PPPF 


16 


30 


15 


6 


67 




.48 


.60 


.42 


.14 


.41 


PPPP 


0 


7 


13 


30 


50 




.00 


.14 


.36 


.70 


. 31 


Subtotal Conforming 


28 


44 


33 


39 


144 




.85 


.88 


.92 


.91 


-89 


FFFP 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


FFPF 


0 


2 


0 


0 


2 




.00 




.00 


.00 


.01 


FFPP 


0 


0 


0 


0 


0 






.00 


.00 


.00 


.00 


FPFF 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


FPFP 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


FPPF 


4 


1 


0 


0 


5 




• 12 


.02 


.00 


• 00 


. 03 


FPPP 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PFFP 


0 


0 


0 


0 


0 




.00 


.00 


.00 


.00 


.00 


PFPF 


1 


2 


0 


0 


3 




.03 


.04 


.00 


.00 


.02 


PFPP 


0 


0 


1 


1 


2 




.00 


.00 


.03 


.02 


.01 


PPPP 


0 


1 


2 


3 


6 




.00 


.02 


.06 


.07 


.04 


Subtotal Not Conforming 


5 


6 


3 


4 


18 




.15 


.12 


.08 


.09 


.11 
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TABLE 57 

AND NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAiNME^ 



NUr^BER AND PROPORTION OF GIRLS AT THE FOUR GRADE GROUPs COl^ ^^jsjG 
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TABLE 58 

FREQUENCIES OF SUBJECTS ACCORDING TO PATTERN OF EXCEPTION 
AND ITEMS CORRECT AT EACH CONCEPT LEVEL NOT ATTAINED 



N Pattern of Exception Number of items Correct on Concrete Subtest (6 required) 

0 1 2 3 4 5 

2 
7 
1 

Number of items Correct on Identity Subtest (6 required) 
0 1 2 3 4 5 



2 FFPF 
7 FPPF 
1 FPpp 



2 FFPF 

3 PFPF 
3 PFPP 



12 PPFP 



2 
3 
3 

Number of Items Correct on Classif icatory Subtest (? required) 
0 12 3 4 5 6 



classificatory level after failing to meet requirements for attainment 
at the concrete and identity levels. Six of the seven concrete items 
and six of the seven identity items were required for mastery of each 
level and both of these deviating children passed five of the seven items 
of each subtest — falling just one item short of criterion. Eight other 
children attained higher levels after failing to attain the concrete 
level. All of these deviating children passed five of the concrete 
items—falling just one item short of criterion. 

The six children who passed concrete, failed identity, and went on 
to attain one or both of the higher levels also fell just one item short 
of meeting criterion for attainment at the identity level. Six of the 
twelve children observed in the PPFP pattern of exception passed six of 
eight classificatory items—falling one item short of criterion; one 
passed five, one passed four, and one passed three of the classificatory 
items. Three of the twelve deviating children passed only two of the 
eight classificatory items, in most cases of deviation, it seems 
reasonable to conclude that errors of measurement associated with each 
subtest, stringency of criterion, or both, were responsible for observed 
non^conformity. The few protocols showing that a child attained the 
formal level after falling far short of criterion at the classificatory 
level can probably be reasonably interpreted as cases of inattentiveness 
during test taking or misunderstanding of directions. 
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PREDICTED SEQLf^NCi OF CONCEPT ATTAINMENT AND DIFFICULTY OF THE LEVELS 



The CLD hypothesis is that the sequence of attainment is invariant 
because each successively higher concept level required the use of one 
or more increasingly complex cognitive operations. As a consequence, 
the items and the total subtest at each successive level are more 
difficult. It might he argued that the invariant sequence of attainment 
is not a function of difficulty determined by increasingly complex 
cognitive operations at the successive concept levels, concrete through 
formal, but that it is simply a function of increasing test item diffi- 
culty unrelated to the operations. In order to ensure that the number 
of subjects conforming ^nd Hot conforming to the predicted sequence was 
not merely due to increasing difficulty of the successive subtests un- 
related to the more complex operations, a statistical procedure accounting 
for independent difficulty level was applied to data from the present 
assessment* 

Computations were Performed using the overall grade group propor- 
tions passing and failing each of the four subtests so that a wide remge 
of conceptual attainment would be obtained. These computations yielded 
expected numbers of sui?jects following each of the 16 possible patterns 
of attainment (5 acceptable/ 11 unacceptable to the model) . It was 
noted that fewer than five subjects were expected to follow each of ten 
of the 16 patterns. To meet the requirements of the Chi-square test, 
patterns were combined so that the minimum expected number of subjects 
in each cell would approximate five. Eight patterns and combinations of 
patterns resulted and were used for the test. A Chi-square goodness-of- 
fit test was used to determine whether the obtained number of siabjects 
who followed these patterns differed significantly from the number of 
subjects expected to follow these patterns. The resulting Chi-square 
provided convincing evidence that the nximber of subjects following cind 
not following acceptable patterns was not a function of increasing 
difficulty of test items unrelated to the operations (x^ = 13.72, £ < 
•001, df. = 3). 

PROPORTION OF GRADE GROUPS ATTAINING THE FOUR LEVELS 

Predictions two and three, addressed in the present section, are 
closely related: prediction two maintains that within a given grade 
group the percentage of children passing each successive level of attain- 
ment will decrease; prediction three states that the percentage of 
children passing any given level will increase as a function of increasing 
grade group. 

Data were examined initially to ascertain whether or not sex differ- 
ences existed in frequencies of children who fully attained each concept 
level. Chi-square tests, conducted at the .05 level of statistical sig- 
nificance, revealed that at each level of attainment, both within grade 
groups and for all grade groups combined, only one sex difference in 
concept mastery occurred. At the formal level, the Chi-square for all 
grade groups combined indicated superior attainment for girls (x^ = 8.66, 
df. = 1). Since no strong, systematic sex differences were found, the 
data in Table 59 were uB^d to evaluate predictions two and three; Tahles 
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TABLE 59 



NUMBER AND PROPORTION OF EACH GRADE GROUP THAT FULLY 
MASTERED EACH LEVEL OF ATTAINMENT: ALL SUBJECTS 



Grade 



Concrete 



1st (n=57) 
Nximber 
Proportion 

4th (n=Bl) 
Niomber 
Proportion 

7th (n=B7) 
Number 
Proportion 

10th (n=BB) 
Nxjmber 
Proportion 

All Grades {N=313) 
Number 
Proportion 



49 
.B6 

77 
.95 

B7 
1,00 

BB 
1. 00 

301 
.96 



Identity 



Class if icatory 



51 
.B9 

77 
.95 

85 
.9B 

B7 
.99 

300 
.96 



36 
.63 

69 
.B5 

73 
.B4 

BO 
.91 

25B 
.B2 



Formal 



0 

.00 

14 
.17 

47 
.54 

76 
.B6 

137 
.44 



60 and 61 have been included for readers who are interested in exami- 
ing these data separately. 

Table 59 shows the number and proportion of each grade group, and 
of all grade groups combined, that fully attained each concept level. 
Inspection of the row entries discloses that, in general, within grade 
groups the proportion of children attaining each successive level of 
concept attainment decreased. The only exceptions to this finding 
were the slight increase of 3 percent in attainment of concrete to 
identity at the first-grade group, and the identical performance on 
those two lower levels by the fourth-grade group. The general decre- 
ment in proportions of children attaining the successive ::evels is 
reflected in data for all grades combined: concrete, 96 percent; 
identity, 96 percent; classif icatory , B2 percent; and foniial, 44 per- 
cent. 

Cochran Q tests were used to discover if the prop-^> ; ^^is of 
children fully attaining the four concept levels dilitGr^id significantly 
within each of the four grade groups. .Significance of the differences 
among the proportions for each of the four grade groups was well beyond 
the .001 level [Q = 106. B5, first grade; 150.56, fourth grade; 79.17, 
seventh grade; 21.55, tenth grade (df. =3)]. McNemar tests were run 
at the .05 level of signific2mce to determine where sp^^cific differ- 
ences in attainment among the four levels occurred within each of the 
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TABLE 60 



NUMBER AND PROPORTION OF BOYS AT EACH GRADE GROUP 
WHO FULLY MASTERED EACH LEVEL OF ATTAINMENT 

i 





Grade 


Concrete 


Identity 


Classificatory 


Formal 


1st (n=33) 










Number 


28 


29 


21 


0 


Proportion 


.85 


.88 


.64 


.00 


4th (n=50) 










Number 


47 


46 


42 


8 


Proportion 


.94 


.92 


• 84 


.16 


7th (n=36) 










Number 


36 


35 


29 


16 


Proportion 


1.00 


,97 


.81 


.44 


10th (n=43) 










Number 


43 


42 


37 


34 


Proportion 


1.00 


.98 


.86 


.79 


All Grades (N=162) 










Number 


154 


152 


129 


58 


Proportion 


.95 


.94 


.GO 


.36 



four grade groups. Six comparisons were possible: concrete with (1) 
identity, (2) classificatory, and (3) formal; identity with (4) classi- 
ficatory and (5) formal; finally, classificatory with (6) formal. For 
the first- and seventh-grade groups, five of the six possible coir5)arisons 
differed with statistical significance. Only the concrete with identity 
comparison showed no statistically significant difference. In all of 
the other comparisons, fewer children passed the higher concept level. 
In the tenth-grade group four of the six comparisons were statistically 
significant; fewer children attained the classificatory level and the 
formal level when compared to the concrete level and the identity level. 
In the fourth-grade group, three of the six comparisons were statisti- 
cally significant; fewer children attained formal when coir5)ared to each 
of the three lower concept levels. 

Examining the columns of Table 59 enables us to determine if the 
percentage of children passing any single level of concept attainment 
increased as a function of increasing grade group. Inspection immediately 
discloses that these data support prediction three. One minor reversal 
occurred at the classificatory level: 85 percent of fourth graders and 
84 percent of seventh graders attained this level. Also, the same propor- 
tion of seventh- and tenth-grade children attained the concrete level. 
Otherwise the proportions of children attedning a given level increased 
in accordance with the prediction. For example, at the formal level, the 
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TABLE 61 



NUMBER AND PROPORTION OF GIRLS AT EACH GRADE GROUP 
WHO FULLY MASTERED EACH LEVEL OF ATTAINMENT 



Grade Concrete Identity Classificatory Formal 



1st (n=24) 

Number 21 22 15 0 

Proportion .88 .92 .63 .00 

4th {n=31) 

Number 30 31 27 6 

Proportion ,97 1.00 .87 .19 
7th (n=51) 

Number 51 50 44 31 

Proportion 1.00 .86 

10th (n=45) 

Number 4S 45 43 42 

Proportion 1,00 I.OO .96 .93 

All Grades (N=151) 

Number I47 148 129 79 

Proportion ,97 .98 .85 .52 



progression was as follows: 0 percent of ^he -.irst graders, 17 percent 
of the fourth graders, 54 percent of the i ^venth graders, and 86 percent 
of the tenth-crade group fully mastered ti . highest level of concept 
attainment. 

Chi-square tests were used to find ou if the proportions of indi- 
vidual grade groups passing each of the fo r levels of concept attainment 
differed significantly from the proportion: of the combined grade groups 
passing each of the four levels* The differences in proportions atuain- 
ing each of the levels were significant at or beyond the .05 level [x^ = 
23.33, concrete; 8.71, identity; 19.54, classificatory; 136.04, formal 
( df . ^ 3)]. The differences in proportions of individual grade groups 
attaining the concrete level did not reach statistical significance. A 
Chi-square analog to Scheff^'s theorem was performed to determine where 
differences between grade groups in attainment of concrete, identity, 
classificatory, and formal levels were significant at the .05 level. At 
the concrete level, attainment of fourth graders surpassed attainment of 
the first-grade group. At the identity level, attainment of the tenth 
graders surpassed attainment of the first-grade group. At the classifi- 
catory level, attainment of each of the higher three grades surpassed 
attainment of the first-grade group. At the formal level, five of the 
six pair-wise comparisons differed significantly (the exception being 
that between first and fourth graders). 
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To review and summarize, data assessing full attainment of the 
concept, tree, provide strong evidence supporting the prediction 
that within any given grade, the proportion of children passing the 
successive concept levels will decrease. 

RELATIONSHIP BETWEEN FULL ATTAINMENT OF VARIOUS LEVELS AND USES 

The present section will evaluate data relevant to predictions 
four and five. The fourth prediction states that individuals who have 
attained a concept only to the concrete or identity levels may be able 
to use that concept in cognizing simple perceptual relations among 
concepts and in solving simple problems of a perceptual kind, but that 
they will not be able to use the concept in understanding supraordinate- 
subordinate relations, understanding more complex principles, or in 
solving more complex problems. 

The first half of Table 62 presents data necessary to evaluate 
prediction four. These data are shown separately for boys and for girls 
in Tables 63 and 64. Two boys and one girl attained concrete as their 
highest level of concept mastery; no uses subtests were passed by these 
three children. Thirty-eight children (24 boys and 14 girls) attained 
identity as their highest level with only three instances of mastery on 
a uses subtest. The fourth prediction, then, was supported by data from 
tree assessment. 

According to prediction five, a higher proportion of children who 
attained at the formal level, in comparison to the classif icatory , 
should master the three concept uses. The second half of Table 62 con- 
tains the relevant data. The second half of Table 63 and of Table 64 
present the same data separately for boys and for girls. Chi-square 
tests, conducted at the .05 level of statistical significance, disclosed 
that among the classificatory level and the formal level attainers no 
sex differences existed in mastery of each uses subtest. From Table 62 
we find t at of the 133 children attaining at the classificatory level, 
15 (11 percent) mastered supraordinate-subordinate , 3 (2 percent) 
attained principles, and 1 (1 percent) problem solving. Of the 137 
formal level attainers, 42 percent mastered supraordinate-subordinate; 
49 percent, principles; and 29 percent, problem solving. Chi-square 
tests showed a significant overall advantage in attainment of uses 
(beyond the .001 level) for children performing at the formal level when 
compared to those performing at the classificatory level [x^ = 33.00, 
supraordinate-subordinate; 76.47, principles; 42.40, problem solving 
(df. =1)]. 

Data obtained from assessment of the tree concept provide clear 
support for predictions four and five. Limited mastery of uses was 
observed when the concept was attained to only the concrete or identity 
levels. Performance on concept uses markedly improved when the concept 
was mastered at the formal level, as compared to the classificatory 
level . 
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TABLE 74 



PROPORTION OF EACH GRADE GROUP THAT FULLY MASTERED EACH 
OF THE THREE CONCEPT USES: COMPARING THE FOUR CONCEPTS 
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DIFFICULTY OF THE THREE USES 



For each grade group. Table 65 presents number and proportion of 
subjects who fully mastered each of the three concept uses; supraordinate- 
subordinate, principles, and problem solving. Tables 66 and 67 show the 
same data for boys and girls separately. In order to determine if any 
statistically significant sex differences occurred in these data, Chi- 
square tests conducted at the .05 level for each concept use withi.i 
grade groups and for all grades combined revealed no sex differences in 
mastery of any of the us^s. 

Consistent with prediction six, Table 65 shows that the proportion 
of children attaining each of the three uses subtests generally increased 
as grade group increased, Chi- square tests were used to ascertain 
statistically significant differences between proportions of individual 
grade groups passing each of the three uses and the proportion of the 
combined grade groups passing each of the three uses. The difference in 
proportions of subjects attaining each of the uses was significant 
beyond the ,001 level [x^ = 44.60, supraordinate-subordinate; 92.67, 
principles; 43.02, problem solving ( df . =3)]. A Chi-square analog to 
Scheff^'s theorem was performed between all pairs of grade groups to 
determine where the differences in each use were significant at the .05 
level. For the supraordinate-subordinate subtest, the performances of 
the seventh-grade group and the tenth-grade group surpassed those of the 
first-grade group and the fourth-grade group. For the principle subtest 
all pair-wise comparisons differed significantly except that between 
first and fourth grades. For the problem solving subtest all pair-wise 
comparisons differed significantly except those between first and fourth 
grades and seventh and tenth grades. 

In summary, the data clearly support the prediction of increasing 
mastery of uses as grade group increases. 



RELATIONSHIP BETWEEN VOCABULARY DEVELOPMENT AND ATTAINMENT OF CONCEPT 
LEVELS AND USES 



Of the eight predictions derived from the CLD model, two remain for 
evaluation. Both are concerned with the relation between vocabulary 
proficiency and attainment of levels and performance on the uses subtests. 
Prediction seven states that vocabulary scores and scores based on the 
attainment of the four levels and three uses will correlate positively 
within grade group. Prediction eight holds that the same scores will 
show a positive and higher correlation across combined grade groups. In 
order to compute correlation coefficients, the same scaling system was 
used for tree as that described in Chapter III for equilateral triangle . 

Table 68 presents means and standard deviations, based on the scaled 
scoring system, for all grades combined, and for all boys and all girls. 
The predicted improvement in concept attainment and performance on uses 
subtests as grade group increases was, of course, demonstrated in these 
data based on mean scaled scores just as it was in data based on propor- 
tions. Mean scores based on the 14-item vocabulary test indicated a 
steady increase in proficiency with increasing grade group. Total mean 
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TABLE 65 

NUMBER AND PROPORTION OF EACH GRADE GROUP THAT FULLY 
MASTERED EACH OF THE THREE CONCEPT USES 



G^^^® Supraordinate-Subordinate Principle Problem Solving 



1st (n=57) 

Number 0 0 0 

Proportion .00 .00 .00 
4th (n=81) 

Number 9 0 0 

Proportion .11 .00 .00 
7th (n=87) 

Number 33 22 15 

Proportion .38 .25 .17 

10th (n=88) 

Number 34 48 26 

Proportion .39 .55 ^30 

All Grades (N=313) 

Number 76 70 41 

Proportion .24 .22 .13 



scaled scores for boys and girls were very similar on each measure, as 
well as on vocabulary. 

Pearson product-moment correlations (r) were calculated in order 
to discover the relationship between vocabulary comprehension and task 
performance. For each grade group, all grades combined, and all boys 
and all girls, Table 69 presents correlations between scores on the 
vocabulary test and scores on (1) concept level, (2) concept uses, and 
(3) combined levels and uses. Tests for any statistical significance, 
at the ,05 level, between the correlations for boys and girls on each 
of the three performance measures revealed no sex differences. 

The correlations within grade groups were rather variable in size. 
Generally, the smaller correlations were obtained from the lowest 
grade groups. The zero order or very low correlations between vocabu- 
lary scores and concept uses for first- and fourth-grade groups reflect 
a limited range of performance, as can be observed by reviewing Table 68 
Correlations for seventh- and tenth-grade groups were of a greater magni- 
tude, reflecting increased competence with verbal labels and a wider 
range of performance on concept levels and uses. Of the 12 correlations 
computed within grade groups, 10 were statistically significant from 
zero at or beyond the .05 level. 

As predicted, correlations were higher for combined grade groups 
than for individual grade groups. The correlation was .70 between 



122 



106 



TABLE 66 

NUMBER AND PROPORTION OF BOYS AT EACH GRADE GROUP WHO FULLY 
MASTERED EACH OF THE THREE CONCEPT USES 



Gjrade Supraordinate-Subordinate Principle Problem Solving 

(n=33) 

Nuinber 0 0 0 

^^Qportion ,00 .00 .00 

4th (n=50) 

Nuitvber 7 0 0 

^^oportion .14 .00 .00 

Nuitvber 15 13 7 

^^Qportion .42 .36 .19 

10th (n=43) 

N^er 14 22 11 

^^<iportion ,33 .51 .26 

All Grades (N=:162) 

Number 36 35 18 

^^c^portion .22 .22 .11 



overall performance on concept levels subtests and overall performance 
on the verbal labels. Overall performance on concept uses correlated 
.52 with vocabulary and overall performcince on combined levels and uses 
correlated .69 with vocabulary scores. Each of these three correlations 
was statistically significant from zero at or beyond the .01 level. All 
correlations for boys and for girls were also statistically significant 
(£ ^ -01). The correlational data summarized in Table 69 clearly support 
the predicted relationship between vocabulary proficiency and concept 
attainment and use. 
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TABLE 67 



NUMBER AND PROPORTION OF GIRLS AT EACH GRADE GROUP WHO E'ULLY 
MASTERED EACH OF THE THREE CONCEPT USES 



Grade 

1st (n=24) 
Number 



Supraordinate-Subordinate Principle Problem Solving 



0 0 



0 



Proportion .00 .oo .00 
4th (n=31) 

Number 2 0 o 

Proportion .06 .oo .00 
7th (n=51) 

Number 18 9 8 

Proportion .35 ^^^8 .16 
10th (n=45) 

Number 20 26 15 

Proportion .44 

All Grades (N=151) 

Number 40 35 23 

Proportion .26 .23 15 
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TABLE 68 

MEANS AND STANDARD DEVIATIONS FOR COMBINED CONCEPT LEVELS, CONCEPT USES, 





COMBINED 


LEVELS 


AND USES, 


AND VOCABULARY 


AT EACH 


GRADE 


GROUP 










Concept 


Concept 


Levels 










Levels: 


Uses: 




and Uses : 


Vocabulary 






(Maximum 


(Maximiim 


(Maximum 


(Maximum 






Score 


f 4) 


Score 


. 3) 


Score 


7^ 


Score 






























S.D.^ 




S.D.^ 




s.dT^ 




S.D.^ 


1st 


57 


2.39 


.75 


.00 


.00 


2.39 


.75 


3.37 


2.30 


4th 


81 


2.93 


.65 


.11 


.13 


3.04 


.11 


7.59 


2.78 


7th 


87 


3.36 


.63 


.80 


1.00 


4.16 


1.41 


9.34 


2.31 


10 th 


88 


3.76 


.53 


1.23 


1.04 


4.99 


1.30 


10.55 


1.86 


All Grades 


313 


3.18 


.79 


• 60 


.92 


3.78 


1.49 


8.14 


3.41 


All Boys 


162 


3.04 


.81 


.55 


«89 


3.59 


1.48 


7.62 


3.52 


All Girls 


151 


3.33 


.75 


.65 


.95 


3.98 


1.49 


8.70 


3.22 
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TABLE 69 

PEARSON PRODUCT-MOMENT CORRELATIONS BETWEEN MEAN VOCABULARY SCORES AND MEAN SCORES 
ON CONCEPT LEVELS, CONCEPT USES, AND COMBINED LEVELS AND USES 



Grade Group 


W 


Four Concept 
Levels 


Three Concept 
Uses 


Combined Levels 
and Uses 


1st 


57 


• 31* 


• 00 


"^1 * 
• jj. 


4th 


81 


• 48** 


• 2X 


• 49** 


7th 


87 


• 59** 


• 42** 


• 56** 


10th 


88 


.59** 


• 4X** 


• 57** 


..1 Grades 


313 


• 70** 


• 52** 


• 69** 


All Boys 


162 


• 67** 


• 57** 


• 72** 


All Girls 


151 


.72** 


• 45** 


• 65** 



*^ < •OS 
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VII 

SUMMARY AND CONCLUSIONS 



In this chapter a brief summary of the study precedes a discussion 
of results of all four assessment batteries as they bear on our conclu- 
sions concerning each of the eight CLD predictions. 



SUMMARY 

The CLD model encon^asses three major propositions dealing with 
patterns of children's conceptual leamitig and development. Related 
to each proposition there are several specific predictions. Since 
the major propositions and predictions are discussed in some detail 
in prior chapters, the predictions are briefly sxjmmarized as follows: 

1. All children of all grade groups will conform to five acceptable 
patterns of mastery of four concept levels, 

2. The niamber and proportion of children within a grade group who 
pass each successive level of concept attainment will decrease. 

3. The number and proportion of children of successively higher 
grade groups mastering each concept level will increase. 

4. Children who attain a concept to only the concrete and/or 
identity level will be able to use that concept only in 
understanding simple perceptual problems. 

5. A higher proportion of children who attain a concept at the 
formal level, in comparison with those who attain at the 
classificatory level, will master each of the three concept 
uses. 

6. The number and proportion of children of successively higher 
grade groups who master each concept use will increase. 

7. Vocabulary scores and scores based on attainment of the four 
levels and the three uses will correlate positively within 
grade groups. 

8. Vocabulary scores and scores based on the levels and uses will 
correlate positively for the combined grade groups. 

The preceding predictions were tested, using four specially con- 
structed assessment batteries. One battery was used for each concept: 
equilateral triangle , cutting tool , noun, and tree . Each battery 
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included one subtest for each of the four levels of concept attain- 
ment and one for each of three uses of an attained concept. Thus, a 
total of 28 tests was developed, 7 for each of the four concepts. 

Children at each of four grade groups — first, fourth, seventh, 
and tenth—participated in the study. Total number of children 
tested with each assessment battery was as follows: equilateral 
triangle , 313; cuttinc tool , 310; noun , 309; tree , 313. Children 
in the two lower grades were enrolled in four different elementary 
schools. Seventh graders were enrolled in a junior high school, and 
the tenth-grade students were enrolled in a single high school. The 
schools and classrooms in which the children were enrolled were 
judged to be typical of the particular school system and also of a 
large number of classrooms in small towns of Wisconsin and other 
states. 

The tests of the various batteries were administered to children 
in groups of about 30, except that the youngest children received 
the tests in smaller groups of about 5 to 10, On each subtest a 
child's responses were scored as passing or failing according to 
specific criteria established for each. Data were quantified by com- 
puting frequencies and proportions of s'jbjects within each grade group 
who attained each concept level and each use. Preliminary analyses 
were conducted to determine existence of sex differences. Post hoc 
statistical tests were used where appropriate to obtain more specific 
information about differences in frequencies and proportions. Descrip- 
tive data and statistical tests were used to evaluate each of eight 
specific predictions derived from the CLD model. The predicted 
relationship between vocabulary and performance was evaluated by cor- 
relation coefficients. 



CONCLUSIONS 

Results of the four assessments have been presented and discussed 
separately in the preceding chapters. Now we will consider the concepts 
simultaneously both in order that our conclusions regarding the eight 
predictions can be stated with a greater degree of generality and 
confidence and so that relevant cross-concept comparisons can be made. 
The general absence of strong or systematic sex differences in perfor- 
mance on the four concept batteries contributes to whatever degree of 
generality is warranted by the following con^)ilation of results. Each 
prediction is stated, and the evidence based on all four concepts is 
summarized and discussed. 

1. All children of all grade groups will conform to five acceptable 
patterns of mastery of the four concept levels . This prediction was 
well supported by results obtained for the four concepts assessed in 
the present study. Table 70 summarizes pertinent information for all 
concepts. Inspection shows that of the total subject population, 95 
percent conformed to the predicted pass/fail patterns for equilateral 
triangle , and for cutting tool , 98 percent conformed for noun , and 91 
percent for tree . 
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TABLE 70 

PROPORTION OF TOTAL SUBJECT POPULATION CONFORMING TO PREDICTED 
PASS-FAIL PATTERNS OF ATTAINMENT: COMPARING THE FOUR CONCEPTS 



Equilateral Cutting 
Pass-Fail Sequence Triangle Tool Noun Tree 



FFFF 


.00 


. oC 


.01 


.01 


PFFF 


.00 


.00 


.05 


.01 


PPFF 


-12 


.02 


.34 


.12 


PPPF 


.52 


.35 


.38 


.39 


PPPP 


.31 


.58 


.21 


.39 


Total 


.95 


.95 


.98 


.91 



Table 71 presents for each concept the frequencies of deviation 
from the predicted patterns in the total subject population. Five 
percent of the total 313 children (15 subjects) did not conform to 
the predicted sequence in the assessment of equilateral triangle > 
Five percent (14 subjects) of the total 310 children did not conform 
in the assessment of cutting tool . Two percent (5 subjects) of the 
309 children deviated from the predicted sequence of attainment in 
the noun assessment, and nine percent (28 subjects) of the 313 
children administered the tree battery deviated from the predicted 
invariant sequence. 

Looking across concept batteries, Table 71 shows that the largest 
number of non- con forming children was in the PPFP pattern; that is, 
the classificatory subtest was not attained, but formal was mastered. 
The next largest number of children appeared in the FPPF pattern of 
exception — nine children failed concrete but went on to attain higher 
levels, contrary to prediction. The remaining cases of deviation were 
spread over nine patterns. No instances of deviation were observed in 
4 of the 11 possible non-conforming patterns. 

In seven of the patterns of exception there exist 'the possibility 
that the same children deviated from battery to battery. Further exami- 
nation of protocols from the 62 children revealed that only 2 subjects 
followed either of the unacceptable patterns in more than one concept 
assessment. That is, there was very little overlap in non-conformity to 
the predicted patterns among the assessment batteries. It was also 
possible that the same child may have deviated on more than one battery, 
but in different patterns of exception. Only two of the youngest 
children followed unacceptable patterns on more than one assessment 
battery (one child showed the FPPF pattern on equilateral triangle and 
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TABLE 71 

FREQUENCIES OF TOTAL SUBJECT POPULATION SHOWING PASS-FAIL 
PATTERNS OF EXCEPTION: COMPARING THE FOUR CONCEPTS 





Pass-Fail Sequence 


Equilateral 
Triangle 
(N«313) 


Cutting 

Tool 
(N=310) 


Noun 
(N=309) 


Tree 
(N=313) 


Total 



FFFP ■ ■ ' 0 

FFPF 1 2 3 

FFPP • 0 

FPFF — 1 1 . . 2 

FPFP — 0 

FPPF 2 7 9 

FPPP 1 1 . 2 

PFFP ^ 0 

PFPF 3 2 3 8 

PFPP ~ 1 3 4 

PPFP • 9 8 5 12 34 

Total 15 14 5 28 62 

Proportion of 

Total Population .05 ,05 ,02 ,09 



on tree , and the PFPP pattern on cutting tool ; another child showed the 
FPPF pattern on equilateral triangle and the PPFP pattern on tree ) . 

This index o£ independence among the four concept batteries justi- 
fies interpreting exceptions to the predicted patterns as the rerult of 
errors of measurement or problems associated with the criteria estab- 
lished for concept level attainment, and not as the result of true 
exceptions in terms of sequential development. Had a large number of 
the deviating children been identical across assessment batteries the 
unavoidable conclusion would be that these children were truly not 
conforming to the hypothesized invariant sequence of conceptual develop- 
ment . 

2. The number and proportion of children within a single grade group 
who fully mastered each successive level of concept attainment will 
decrease. This prediction was clearly supported by data for each of 
the four grade groups when the four concepts were examined individually. 
The row entries of Table 72 permit cross-concept comparisons for the 
proportions of each grade group that fully mastered each level of 
attainment. There might have been 64 exceptions to this prediction, 
based on the total number of entries in the table. Only three minor 
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TABLE 72 

PROPORTION OF EACH GRADE GROUP THAT FULLY mSTERED EACH 
LEVEL OF ATTAINMENT: COMPARING THE FOUR CONCEPTS 



Grade Group Concrete Identity Classif icatory Formal 

1 

Equilateral Triangle (N=57) I.OO ,98 .72 OO 

Cutting Tool (N=57) .95 .93 '93 '14 

Noun (N=57) .95 

'^^^^ (^=57) .86 .89 .63 .00 

4 



Equilateral Triangle (N=i32) .96 ,98 

Cutting Tool (N=81) i.oO 98 

Noun (N=80) 1.00 lioo ]lo .'oS 

Tree (N=81) .95 ^95 

7 

Equilateral Triangle (N=87) I.OO i.oo 

Cutting Tool (N=85) .99 .99 

Noun (N=85) l.'oo l.'oo '79 '21 

Tree (N=87) 1.00 .98 .84 ."54 

10 



87 .07 
98 .53 



92 .47 

93 .67 



Equilateral Triangle (N=87) I.OO l.oo .85 

Cutting Tool (N=87) i.oo l.oo 

Noun (N=87) 1.00 1.00 .86 '54 

Tree (N=88) l.OO .99 .91 ."86 



.69 

.95 .95 



reversals occurred. In the equilateral triangle assessment, 96 percent 
of the fourth-grade group attained concrete and 98 percent attained 
identity, in the cutting tool assessment, 96 percent of the first-grade 
subjects passed the concrete level, and 98 percent passed the identity 
level. In the tree assessment, 86 percent of the first-grade subjects 
passed the concrete level, while 89 percent passed the identity level. 
3. The number and proportion of successively higher grade groups 
mastering each concept level will increase . The summary information 
in Table 72 is also relevant for a final evaluation of this predic- 
tion. Inspection of the coluimis of this table discloses only five 
exceptions to the prediction: 87 percent of the fourth-grade group 
and 92 percent of the seventh-grade group attained the classificatory 
level of equilateral triangle compared to 85 percent of the tenth- 
grade group. On the cutting tool battery, S8 percent of the fourth 
graders attained the classificatory level compared to 93 percent of 
the seventh graders and 95 percent of the tenth graders. In addition, 
85 percent of the fourth graders attained the classificatory level of 
tree compared to 84 percent of the seventh graders. In general, the 
increase in attainment of levels with increasing grade group was 
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marked, particularly at the classif icatory and formal levels. Strong 
support was provided for the prediction that at each concept level the 
number and proportion of children who master the concept will increase 
as grade group increases. 

4. Children who attain a co nce pt to only the concrete and/or the 
identity level will be able to use that concept only in understanding 
simple perceptual problems . This prediction has clearly been supported 
by all four concept assessments. The first half of Table 73 summarizes 
the results. For each concept battery there were few instances of 
identity level attainers mastering the uses. Among those children whose 
highest level of attainment was concrete, no uses were mastered for any 
of the concepts, 

5. A higher proportion of children who attain a concept at the formal 
level in comparison with those who attain it at the classif icatory level 
will also master each of the three uses . This prediction was con- 
sistently upheld when each of the concepts was examined individually. 
The second half of Table 73 summarizes data for all concepts; exami- 
nation shows that 12 possible exceptions might have occurred to the 
prediction that children who attain a concept at the formal level 
demonstrate performance on the concept uses superior to that of 
classif icatory level attainers. Inspection reveals no exceptions to 
the prediction. Indeed, the diffe^^J^ces in the actual percentage 
values are both consistent and strikingly large. For example, data 

for equilateral triangle indicate that a marked advantage in mastery 
of uses occurred for individuals attaining at the formal level: 35 
percent passed the supraordinate-subordinate subtest, compared to 11 
percent of classif icatory attainers; 64 percent passed the principle 
subtest, compared to 10 percent of classif icatory attainers; and 58 
percent passed the problem solving subtest, compared to 21 percent of 
classificatory attainers. 

6. The number and proportion of children of successively higher grade 
groups who master each conce pt use will increase . Data assessing the 
four concepts supported this prediction. Table 74 summarizes data for 
all four assessment batteries. Inspection reveals no reversals to the 
predicted progression. 

7. Vocabulary scores and scores based on the attainment of the four 
levels and the three uses win correlate positively within grade group .' 
This prediction was upheld by data for all concepts assessed in the 
present study. Table 75 presents the 49 correlations obtained 
between vocabulary scores and scores on levels, uses, cind combined 
levels and uses at each grade group. The magnitude of correlations 

was greatest for the seventh-grade group, smallest for the first- 
grade group. In the ec [ uilateral triangl e and noun assessments cor- 
relations were uniformly low and non-significant for the first graders. 
In addition, at the tenth-grade group correlations were uniformly low 
emd non-significant in the assessment of cutting tool . 

Although a few zero order correlations were found, only two 
negative correlations were observed; the prediction of a positive 
relationship between vocabulary proficiency and attainment of concept 
levels and uses was generally verified by these data. Moreover, the 
size of the correlations within the various grade groups, in general , 
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TABLE 74 

PROPORTION OF EACH GRADE GROUP THAT FULLY MASTERED EACH 
OF THE THREE CONCEPT USES: COMPARING THE PQUR CONCEPTS 



Grade Group ^ ^ su£raordinate-Subordinate Principle Problem Solving 

1 

Equilateral Triangle (N=57) .02 .00 .00 

Cutting Tool (n=57) .35 ^00 .12 

Noun (N=57) .00 .00 .00 

Tree (N=57) .00 .00 .00 

4 

Equilateral Triangle (N=82) .10 .05 .16 

Cutting Tool(lg=81) .67 .10 ^72 

Noun (N=80) .08 .04 .13 

Tree (N=81) .11 .00 .00 

7 



Equilateral Triangle (N=87) .18 .28 

Cutting Tool (jj=85) .80 ^38 



.33 
.79 

Noun (N=85) .15 .20 .36 

Tree (N=87) .38 .25 .17 

10 



Equilateral Triangle (N=87) .39 

Cutting Tool (^=87) .86 .68 .84 

Noun (N=87) .54 .36 ^49 

Tree (N=88) .39 .55 



.69 



.30 



was Considerably higher than anticipated. Thirty-six of the 48 correla- 
tions were statistically significant from zero at or beyond the .05 levels- 
actual values ranged froni .22 to .67. 

Vocabulary Scores and sc org g based on the attainment of the four 
lev els and the three uses wi ll be gog itively and highly correlated 
acr oss combined c^rade groups > Evidence to uphold this prediction was 
fovn^ in all four concept assessments, as sujnmarized in Table 76. 
Magnitude of the correlations was smallest for cutting tool, largest 
for noun and tree . Correlations across grade groups were, in general, 
highest for vocabulary scores and combined levels and uses scores. 
The I2 correlations entered in this table were generally larger in 
magnitude than those obtained within grade groups and, without excep- 
tion, „ere statistically significant from zero at or beyond the .01 
level. 
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TABLE 75 



PEARSON PRODUCT-MOMENT CORRELATIONS AT EACH GRADE GROUP BETWEEN MEAN 
VOCABULARY SCORES AND MEAN SCORES ON CONCEPT LEVELS, CONCEPT USES 
AND COMBINED LEVELS AND USES: COMPARING THE FOUR CONCEPTS ' 



Grade Group 



Fotir 
Concept Leve Is 



Three 
Concept Uses 



Combined 
Levels and Uses 



Equilateral Triangle (N=57) 
Cutting Tool (N=57) 
Noun (N=57) 
Tree (N=57) 



-.19 
.42** 
• 00 
.31* 



.22 
.37** 
.00 
.00 



-.12 
.48** 
.00 
.31* 



Equilateral Triangle 
Cutting Tool (N=81) 
Noun (N=80) 
Tree (N=81) 



(N=82) 



.26* 
.50** 
.49** 
.48** 



.17 
.22* 
.57** 
.21 



.29** 
.42** 
.61** 
o49** 



Equilateral Triangle (N=87) 
Cutting Tool (N=85) 
Noun (N=85) 
Tree (N=87) 

10 

Equilateral Triangle (N=87) 
Cutting Tool (N=87) 
Noun (N=87) 
Tree (N=88) 



.55** 
.44** 
.63** 
.59** 

.64** 
.04 
.65** 
.59** 



.49** 
.40** 
.57** 
• 42** 

.39** 
.11 
.60** 
.41** 



.62** 
^49** 

• 66** 
.56** 

• 60** 
.11 
.67** 
.57** 



*^ 

** JO 



• 05 
.01 
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TABLE 76 

PEARSON PRODUCT-MOMENT CORRELATIONS FOR T<>TAt^ g^j^jS^T POp^j^^jQj^ 

BETWEEN MEAN VOCABULARY SCOl^g MEAN ^^^j^g ON LEV^j^g ^ 

USES, AND COMBINED LEVELS AND USEig. COMPARlj^^ FOUR CotjcEPTS 



Concept 



Equilateral Triangle (N=313) • Sq* 

Cutting Tool (N=310) . 5s* 

Noun (N=309) .78* 

Tree (N=313) . 7o* 



.47* 



combined 
>j gVels and Uses 

.68* 

.57* 

.78* 

.69* 



*£ < .01 
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